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A NEW APPROACH TO STUDIES OF CULTURE 
AND SOCIETY 


THORNE DEUEL 
President, Illinois State Academy of Science 





When I began some months ago to 
draft an outline for this paper, I was 
already engaged in writing a book- 
let in the Story of Illinois series of 
the Museum, called ‘‘Man’s Venture 
in Culture’’ with the subtitle ‘‘Some 
Inventions Underlying Modern Civ- 
ilization in Illinois.’” Work on this 
pamphlet set in motion a, train of 
thought and raised questions that, 
I suppose, have always puzzled 
students of man. How was man 
launched on his cultural and social 
career and, once started, what kept 
him on the road? Is culture hap- 
hazard and erratic? Is it, as Pro- 
fessor Lowie once said, ‘‘a thing of 
shreds and patches’’? Or does it 
have direction and meaning? 

If I seem dogmatic, I hope you 
will consider that my statements are 
always qualified by the phrases ‘‘in 
my opinion”’ or ‘‘it seems to me.’’ 

The talk you will hear is selected 
from a larger paper and will con- 
sist of three parts: 

(1) A broad hypothesis of eultur- 

al and social evolution. 

A brief survey of man’s es- 
sential needs and his means 
of satisfying them as a start- 
ing point for studies in cul- 
ture and society. 

A comparison of the means 
used to satisfy the same need 
in a simple culture and in the 
United States today. 


CULTURAL AND SociAL Evo.Lution 


For several hundred years, phil- 
osophers, historians, and, more late- 
ly, scientists have observed, experi- 
mented, and amassed vast amounts 
of data about man, his psychological 
nature, his cultural and_ social 
achievements. The resulting conclu- 
sions, even where they deal with 
significant data, have been disap- 
pointing. Consideration of this state 
of affairs seems to indicate a need 
for a new approach to the sciences 
concerned. 

It seems almost obvious after con- 
siderable reflection on the subject 
that man’s existence may be divided 
into four periods or stages of cul- 
tural and social development, each 
bounded or limited at beginning and 
end by a discovery and invention 
series. Whether or not the individ- 
ual should be considered as man 
or wild animal in the first stage 
is outside this presentation. 


Whether or not he should be con- 
sidered a man in the first stage, he 
did learn to stand up on his hind 
legs, to walk about in the upright 
position, to use his hands (instead of 
his jaws) to seize food and to convey 
it to his mouth, to throw stones and 
hit with sticks in self-protection or 
aggression, and finally to crack 
rocks and break sticks so that they 
would better serve his purposes, 
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Finally he hit upon a discovery— 
the realization that if he struck a 
piece of flint in a certain way with 
a small boulder he always got the 
same result, a shell-shaped (con- 
choidal) sear on the rock mass or 
core. He next visualized how to 
make a weapon of a certain shape by 
using his discovery, possibly years 
afterward, though I am inclined to 
believe the invention followed close 
upon the discovery. At any rate 
he eventually invented a chipped 
stone tool the type of which was 
copied again and again. Archaeolo- 
gists recognize some of his improved 
types of early stone tool as a fist axe 
or a chopper. 

I shall follow him briefly through 
the second stage in which he became 
a family man, learned to talk, and 
formed loosely knit societies with 
other men, hunted animals with 
groups of his fellows, until finally 
the woman discovered how to grow 
food plants at home and the man 
to bring up young animals found 
during the hunt, to tame and breed 
them in captivity. 

This led man into the age of food 
production where the family raised 
their own grain and meat, which was 
thereby generally more plentiful 
and certain. He could support larger 
families than befoye and live in vil- 
lages, where he now needed to co- 
operate with his neighbors and to 
devise a means of regulating the 
conduct of families thus living side 
by side. It was probably the man 
who had the idea of hitching the bul- 
lock or cow to the digging stick that 
the woman used and thus invented 
the plow. Over the centuries that 
followed, food production was ac- 
celerated, cities grew, and govern- 
ment and religion became compli- 
cated. Man learned to hitch the ox 
to the mill to grind his corn, or to a 


wheel to lift water from the river 
to his fields. The latter part of this 
stage we usually call ancient history. 

Shortly before the beginning of 
the Christian era man made his third 
key discovery—that a wheel turned 
by the power of water could be 
hitched to his mill and do more and 
better work than his tame animals. 
Nioughly this coincides with the be- 
ginning of Mediaeval and Modern 
History. I shall not go into the 
changes that have taken place since 
that discovery; they are fully de- 
scribed in histories. And it is well 
known that atomic energy is the lat- 
est source of inanimate power man 
has attempted to harness to the 
machine. 

To summarize, there have been, if 
my hypothesis is correct, three key 
discovery-inventions: (1) the dis- 
covery that stone could be regularly 
chipped or flaked and thus tools be 
made of useful, specialized shape, 
(2) that plants and food-draft ani-” 
mals could be bred and raised suc- 
cessfully in artificial surroundings, 
and (3) that inanimate power coult 
be harnessed to machines to do work 
man had never dreamed of doing 
before. 

The four stages can be called: 
(1) the brute or pre-cultural stage, 
(2) the stage of man’s self-domesti- 
cation, (3) the stage of food produc- 
tion, and (4) the machine age or 
stage of mass production. 


MAN’s ESSENTIAL NEEDS 


Now let us look at some of man’s 
needs which we can, I believe, agree 
upon as essential or basic needs. We 
shall have to disregard, perhaps, for 
the time being some of our standards 
of value that we have learned to con- 
sider significant. Possibly some of 
them may be the means of satisfying 
needs (and not very important ones 
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at that) rather than actual needs. 
It may help us in our attempts to 
separate needs from the means of 
satisfying them to consider a prin- 
ciple generally accepted among so- 
cial anthropologists: a going cul- 
tural and social group continues to 
so exist because it provides the 


means of satisfying the essential 
needs of the individuals of that 
group. 

The basic needs of man in a eul- 
tural and social world and some of 
the means of satisfying those needs 
at one period or another of his exist- 
ence are listed in table I. 


TABLE I. 








Basic Needs 


Means of Satisfying Needs 





Individual security. 


. The opportunity for the individual 
to develop and fit himself into his 
surroundings. 


. Lineage and group continuation. 

. Regulation of individuals within 
groups, and of groups with indi- 
viduals and other groups. 





Pursuits that permit individuals to 
secure food, water, air, sunlight, 
housing, clothing. 

Magic, religion, ethics, science, tech- 
nology, values, law, order, philoso- 
phy and ethics. 

. Curiosity and cautiousness, play ac- 
tivities, education, experience, pro- 
fessional and technical training, 
clubs, societies, associations, art, lit- 
erature, theatre, and similar pur- 
suits. 

. Marriage and marriage customs. 
Custom, law, government. 








The first three of these are equal- 
ly the needs of all living things, the 
last seems to apply to the so-called 
gregarious and social animals. How- 
ever, the cultural and social means 
of satisfying man’s needs appear to 
be of a different kind, possibly best 
expressed by saying that they exist 
chiefly on a cultural and social level 
as against the purely instinctive 
level of non-cultural animals. <Aec- 
companying the needs and the means 
taken to satisfy them—in fact, the 
chain on which the needs (instinct or 
tendency to act) and the means (ac- 
tion or behavior) are strung—is the 
healthy activity or functioning of 
the nervous organization. These 
needs and, to a greater or lesser de- 
gree, the identification and accept- 
ance of the means to satisfy them lie 
in the nervous and physical struc- 
ture that offspring inherit from 


their ancestral lineage through their 
parents. In the multiplicity of 
details (important to the individual 
on account of his standards of values 
concerning his cultural and social 
surroundings, though not necessarily 
significant in the eyes of his group 
or to cultural and social evolution), 
the means differ widely. 


You may think of other needs, but 
I believe you will agree that those 
proposed are essential to man today 
in his world. Individuals, of course, 
may exist who apparently disregard 
certain of the basic needs but they 
are overwhelmingly in the minority 
and are not important for our dis- 
cussion nor in cultural evolution. 


A Means or Sociat REGULATION 


Let us now take a basic need of 
man and one of the means devised 
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or invented to satisfy it—the need 
and means for regulation and guid- 
ance. We could equally well have 
chosen another need and the corre- 
sponding means of satisfying it. 
Whenever the domestication of 
plants and/or animals was discov- 
ered or wherever the invention was 
learned and put to use by man, 
sooner or later a number of families 
gathered and formed communities. 
Man as a member of such groups 
found it to the advantage of himself 
and his family to have a simple regu- 
latory system to give security and 
equal rights to all families in the 
village and to protect them from 
outsiders. Without going into the 
history of governmental forms, I 
believe we can classify them all into 
two broad types, which may be 
called the rule of the majority and 
the rule of the minority. The gov- 
ernments of the United States, Great 
Britain, and Switzerland belong to 
the first class; the ancient oriental 
and mediaeval kingdoms and em- 
pires, Russia, and ‘‘dictated repub- 
lies’’ to the second. It is beside the 
point to discuss here the relative 
merits of the two types. From an 
anthropological standpoint, which- 
ever one works satisfactorily for a 
group is for that people at that time 
a healthful way of satisfying their 
need in this respe¢t: 

On account of our interest and 
general acceptance of its value in the 
United States, we shall consider here 
government by the majority or de- 
mocracy. From our knowledge of 
man from history and ethnology, it 
is probable that the earliest villages 
were governed by a council of all the 
citizens meeting in assembly. Simi- 
lar communities in the same cultural 
stage exist today. Their citizens’ 
councils bear a close resemblance to 
the New England town meeting. If 


we examine the significant features 
of these early third or food produc- 
tion stage democracies we find: 

The citizens assemble at the an- 
nouncement of messengers, or per- 
haps a town crier announces through 
the streets the business to come be- 
fore the assembly. The citizens meet 
at the appointed hour. A chairman, 
elected for the purpose, or possibly 
for the year, calls the meeting to 
order, puts or calls upon others to 
put each item of business before 
the gathering. All citizens are per- 
mitted to speak freely about the mat- 
ter, whether they favor or oppose 
the issue. At the end of the dis- 
cussion of each question, a viva voce 
vote is called, first those in favor 
saying ‘‘aye,’’ then those against it 
saying ‘‘no.’’ It was a simple mat- 
ter to decide, according to the vol- 
ume of response, which side had won 
as long as opinion was _ heavily 
weighted one way or the other. It 
was impossible to decide when the | 
assemblies were large and almost 
evenly divided on an issue, for these 
early people were unable to count. 
When villages grew into cities or 
became countries with considerable 
outlying territory, these simple 
democracies were unable to survive 
and minority rule of the kingship 
type became the order in western 
and southern Asia and northern 
Africa, and later in Europe and 
most of Africa. 

If we were to study the Greek 
city-states, the Roman and the Swiss 
republics, we would see how these 
difficulties of regulating dense popu- 
lations and extensive territories were 
gradually overcome and government 
by the people made practicable un- 
der changed conditions. However, 
let us look at our own United States 
(table IIb). We in the United States 
of America believe our form of regu- 
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A New Approach 


Tas_e II. 








a. Primitive Village 


b. United States 





1. The citizens of the village are the 
governing power, that is they make 
laws, arrange for their enforcement, 
punish violators and defend their 
community. 

2. The village assembly consisting of 
all citizens performs the functions 
of an executive, legislative, and 
judicial nature, and elect a leader 
during emergencies. 


. The assembly elects a leader to act 
temporarily for the village in a 
crisis. He vacates his office and 
duties when the emergency is over. 


Information is freely exchanged 
among villagers. Issues are dis- 
cussed on the floor of the assembly. 
Minority views are heard equally 
with all variations of opinion, with- 
out restraint or threat of injury. 


Decisions of the assembly are ar- 
rived at by viva voce voting of 
qualified voters regardless of which 


side of the issue they take. Views 
of the majority are accepted by all 
and carried out. 





The citizens of the country are the 
governing power or the source of 
that power. Men and women over 
21 years of age and mentally com- 
petent are citizens. 

In general the citizens elect by bal- 
lot officers and members of legisla- 
tive and judicial bodies to act for 
them by performing executive, legis- 
lative, judicial, and defense func- 
tions in accordance with the general 
wishes of the electing citizens for 
a definitely limited term of office. 
These officers and representatives 
are responsible to the citizens elect- 
ing them whether or not they so 
think and act. 

. The powers of certain offices are 

expanded and/or new officers are 
appointed in an emergency, for its 
duration only, after which these 
powers and offices are reduced again 
to their usual peacetime limitations. 
Information untampered with by 
those temporarily exercising the 
governing functions is communi- 
cated to the citizens by means of 
newspapers, radio, books, maga- 
zines, and other means, so all sides 
of issues may be known, including 
international relationships, domes- 
tic issues and happenings, and sci- 
entific discoveries. 
Decisions are secured in the differ- 
ent governing bodies and the elec- 
tions by viva voce voting or ballot- 
ing of all qualified voters attending 
the polls or duly authorized meet- 
ings. The minority votes without 
fear of injury or restraint and the 
will of majority is accepted by all 
and carried out. 








lating and guiding people’s conduct 
to be as good as, or perhaps a little 
better than, any other form of con- 
trol in the world. 

There are differences between the 
tremendously complex organization 
of government by the majority in 
the United States today and the 
very simple democratic form back in 
western Asia nine or ten thousand 
years ago. I believe it is not difficult 
to explain those differences between 
the two political units in terms of 


population density, extent of terri- 
tory, modern complexity of the 
technological devices and the diver- 
sities of the social organization and 
of thought. Comparing the corre- 
sponding features of the two demoe- 
racies : 

(1) The first item is essentially 
the same in both simple and repre- 
sentative democracies (the govern- 
ing power rests with the citizens). 

(2) In our United States, gov- 
ernment by representation is neces- 
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sary (we know no substitute) be- 
cause of the enormous number of 
people and the vast extent of terri- 
tory involved. How citizens are 
considered qualified is not very im- 
portant as long as it is done on a 
reasonable basis and is acceptable to 
the group. 

(3) In the primitive democracy 
the headman, or someone elected by 
the assembly of citizens, would take 
over in an emergency. In modern 
democracies it is simpler to increase 
the powers of officers already funce- 
tioning although additional officers 
are also appointed for special work 
not considered necessary in ordinary 
times. 


(4) Methods of communicating 
information have changed enorm- 
ously since the early village democ- 
racies through technological inven- 
tions, but our present methods serve 
the same purpose of getting the news 
promptly to the citizens, now num- 
bering in the millions and scattered 
over millions of square miles. 

(5) Voting viva voce, by ballot 
or by balloting machines, today takes 
advantage of technological inven- 
tions to insure accuracy of results, 
to speed up the ‘‘returns’’ from 
millions of people over a wide area. 
The purpose is still to determine the 
will of the majority of the citizens, 
which is accepted by all. 

Let me see if I can simplify into 
single phrases each of the ‘parallel 
items so that one statement may 
satisfy the essential principles of a 
democracy at any time. 

1. The governing power resides 

in all the citizens. 

2. The local body of citizens di- 
rects the regulatory processes 
either directly or through rep- 
resentatives elected by them. 
Issues are discussed and voting 


on either side of issues is done 


without fear of injury or 
threats to intimidate. 


3. In times of emergency, officers 
with special powers may be 
elected and/or the powers of 
those in office may be expanded 
during the crisis only. 

4. Information giving both sides 
of issues is circulated without 
being colored by officials in 
office. 

5. Each question is decided by the 
majority of the voters, voting 
being done in a manner suit- 
able to the conditions of popu- 
lation and territory. The will 
of the majority is accepted by 
all. 


SUMMARY 


Without wishing to belabor my 
point, it seems to me that a new 
approach, or a revised approach if 
you like, is in order in the social 
sciences. 


My proposal is that studies should 
be made of the essential needs of 
man and the means of satisfying 
them in different autonomous cul- 
tural and social groups. I suggest 
the studies be made in the different 
stages suggested above because I be- 
lieve such stages exist and are basic 
in cultural and social evolution. 
Comparison of suitable (that is, as 
nearly complete) examples of the 
means as possible in each stage will, 
I believe, insure determination of 
significant features of those means. 
The significant series of the means 
satisfying each need in all the stages 
should be compared again one with 
another. The result, I believe, in 
each case will be an identity or near- 
identity, provided a corresponding 
means has developed or continued in 
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each stage considered. The differ- 
ences, I am confident, will be found 
in man’s increasing means of satis- 
fying his needs, in the changing 
from one means to another deemed 
more serviceable, in the changing, 
over long periods of time, of certain 
means into needs, and in changes in 
man’s natural and artificial sur- 
roundings. 

In pursuing the research referred 
to it will be necessary for the worker 


to strip from the means of satisfy- 
ing the essential needs any nonsigni- 
ficant features, as one who in reor- 
ganizing his attic removes the rub- 
bish. 

The two fields of psychology and 
cultural social studies are, of course, 
closely linked. Nevertheless, it may 
be possible, after clearing away some 
of the confusion, to study the psy- 
chological processes separately from 
the cultural and social processes. 
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WELCOME TO AUGUSTANA 


CONRAD BERGENDOFF 
President, Augustana College, Rock Island 





More than the historians of Ameri- 
can education have yet made clear, 
our schools have received stimulus 
and contributions from older sys- 
tems of other countries. Augustana 
is an illustration of this fact. Seven- 
ty-five years ago its faculty was 
made up almost entirely of men 
trained in higher schools of Sweden. 
In 1876 the Swedish government 
took part in the Centennial Exposi- 
tion in Philadelphia, and Augustana 
had the good fortune to secure for 
its faculty the secretary of the 
Swedish section, Josua Lindahl, 
who had his doetor’s degree from 
and had been a teacher at the Uni- 
versity of Lund. With his arrival 
in 1879 the foundations were laid 
for the natural sciences on this 
campus. I find in the catalogue of a 
decade later these statements of how 
the sciences then were taught here. 


Freshman Year: 


Botany—Vetegable Histology: Ex- 
amination of the various kinds of 
plant tissues; microscopic work; 
Lectures and Recitations. Vege- 
table Physiology. 

Vegetable Taxonomy—detailed exam- 
ination of types of respective groups. 
Martin’s Human Body was used as 
a text. 


Sophomore Year: 
Physics, General and Analytical Chem- 
istry. 
Junior Year: 


Physiology: Dissection of parts of 


vertebrate animals to illustrate hu- 
man anatomy and histology. 

Conchology: Study of the specimens 
in the Lindahl collection of mol- 
lusca with a view to identification 
of genera and families, 





Senior Year: 
Geology: 


Lectures and Recitations. 
Exercises in identification of the 
more common fossils, minerals and 
rocks: Four excursions to the near- 
est exposures of the Quaternary, 
Carboniferous, Devonian, and Silur- 


ian formations. The text was Le 
Conte’s Elements of Geology. 


I am not competent to compare 
such a scientific curriculum with 
that of other American colleges 70 
years ago, but I am impressed with 
the emphasis laid on observation, ex- 
periment, student collecting and 
handling of data, and the division of 
the material. Still another item of 
interest was the building and use of 
the museum. Here a word may be 
in place concerning Josua_ Lin- 
dahl’s contribution, not only to Au- 
gustana but to the State of Illinois. 
As a student Lindahl had worked 
with the museum at Lund Univer- 
sity, and for three years he had 
served as assistant in the Royal 
Museum at Stockholm under one of 
Europe’s foremost curators. He had 
set up the Swedish exhibit at the In- 
ternational Geographical Congress 
in Paris in 1875, and the following 
year had the similar assignment at 
Philadelphia. So it was natural that 
one of his objectives at Augustana 
would be the establishment of a good 
collection. 


Here is an extract from the Cata- 
logue of 1886-7. 


The Curator spent two months of 
last summer on the Pacific Coast collect- 
ing specimens on the Farallon Islands— 
a number of interesting duplicates of the 
collections of the California Academy of 
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Science were liberally given to him with 
the prospect of future returns in Illinois 
specimens—of the lichens collected on 
the Faral'ones and in Southern Cali- 
fornia, which were subsequently sent 
to the eminent Swedish botanist, Dr. J. 
Hulting of Norrképing, Sweden, for de- 
termination, a series of 16 named species 
was lately returned to the museum by 
Dr. Hulting, who had most kindly fur- 
ther increased the collection by adding 
17 species of Swedish lichens—a set of 
fragments, comprising 350 species of 
minerals and rocks have been purchased 
from Prof. A. E. Foote of Philadelphia— 
a card catalogue of the contents of the 
museum is being prepared. Thus far 
only the Testudinata and Ophidia are 
completed, while the other vertebrates, 
the crustaceans and the worms, are still 
under operation. Notwithstanding the 
present crowded quarters of the mu- 
seum, it is made avaiable for study, 
and besides a constant use of specimens 
in the regular classwork, special studies 
of various branches of the collections 
have been made by several students. 


In 1888 Dr. Lindahl moved to 
Springfield, on his appointment as 
Curator of the State Library and 
Museum. 


It is not my intention to impose on 
‘you a history of the sciences on ‘this 


campus. But we want you to know 
that you come to an _ institution 
which is interested in your work. I 
take it that Augustana’s origin as a 
church institution is known to you, 
and there may be some who wonder 
if religion and science have been 
friends here. May I assure you that 
throughout its 90 years hey have 
been closely related, anc that there 
has been no controver:y between 
them. I have mentiored Josua 
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Lindahl because he typifies the spirit 
of this campus in this matter. Him- 
self a minister’s son, he argued for 
a close alliance between the teachers 
of science and the teachers of re- 
ligion for the good of both. 

I like to think that there was a 
relationship between Lindahl and 
that great Swedish botanist, Lin- 
naeus, whose devotion to science 
none would question and whose mot- 
to was the words of Ovid, ‘‘ Innoque 
vivito, Numen adest’’ (Live without 
reproach, God is present). The tra- 
dition in which Lindahl worked— 
and which he transferred to this 
campus—gave to the facts of the 
physical universe a_ significance 
which derived from more than hu- 
man reason. A biographer of Pascal 
has described the parallel interests 
in the words “‘laboratory’’ and ‘‘or- 
atory’’—in the older sense of that 
word, namely prayer. To know the 
world in which man lives, to know 
the God to whom man prays, this 
seems to us to encompass a liberal 
arts education. Therefore religion 
and philosophy as well as the natur- 
al sciences are free on this campus to 
bring their own methods and in- 
sights to the complete training of 
American youth. 

In that spirit we welcome the IIli- 
nois Academy of Science to hold its 
43rd Annual Meeting in our halls, 
hoping together with you to realize 
the fellowship and good will wherein 
truth may flourish. 





Illinois Academy of Science Transactions 





JosuA LINDAHL 


THE LINDAHL-UDDEN MEMORIAL BOULDER 





Illinois Academy of Science Transactions, Vol. 43, 1950 


DEDICATION OF LINDAHL-UDDEN MEMORIAL 


M. M. LEIGHTON 
Chief, Illinois State Geological Survey, Urbana 


Address presented at the dedication of the Lindahl- 


Udden Memorial, 


Augustana College, May 5, 1950* 





We treasure these golden moments, 
set aside at the close of the day’s 
program of the Illinois State Acade- 
my of Science, to do honor to two 
great men of science, Josua Lin- 
dahl and Johan August Udden, who 
belong to the early days of Augus- 
tana College. These two names are 
indelibly written in the annals of 
this College and in the memories of 
a host of scientists throughout the 
nation. 

Josua LINDAHL 


If Josua Lindahl were living now 
he would be called a zoologist by 
zologists and a paleontologist by 
geologists. He had the breadth .of 
interest of the natural scientist. He 
was the first to oceupy the chair of 
Natural Science at Augustana Col- 
lege. 

It takes little imagination to rea- 
lize the problems that faced the col- 
lege authorities of that day in choos- 
ing a man to trust with the intro- 
duction and the development of a 
curriculum in science. From the be- 
ginning this institution has empha- 
sized the acquisition of both wis- 
dom and knowledge, a rounded value 
which calls for exceptional adminis- 
tration and mature teaching. 

*The writer acknowledges the helpful services 
of Professor F. M. Fryxell of Augustana College 
and Miss Ruth Kerr of the State Museum for mak- 
ing available much basic material for preparing 
this address. References consulted include History 
of the Swedes of Illinois, History of Rock Island 
County, Swedes in America, Who Was Who in 
America, History of Illinois State Museum of 
— Histo: ublications of Augustana Col- 

lege and publ cations of the Tilinots Geological 


Survey, American Association of Petroleum Geo- 
logists, and Geological Society of America. 


This was in 1878 and Lindahl was 
34 years old. The Swedish govern- 
ment had sent him to the Centennial 
Exposition in Philadelphia in 1876 
as Assistant to the Commissioner- 
General in charge of the Swedish 
exhibit. For a while after the ex- 
position closed Lindahl was placed 
in charge of Philadelphia’s new 
Permanent International Exhibi- 
tion. Actually his department was 
the only one that was ever complet- 
ed; the plan soon failed for lack of 
funds. Augustana College and Theo- 
logical Seminary saw in him an en- 
thusiastic ‘scientist and a devoted 
man, and, it is said, he became the 
first professor at the college who was 
not a minister. He brought with 
him his bride, Sophie Pahlman, 
whom he had returned to Sweden to 
marry in 1877. Four children were 
born to them while they lived at 
Augustana; the oldest died at an 
early age. 


A. R. Cervin, who loved botany, 
had already created interest in the 
subject at Augustana. He taught 
botany for a year or two in addition 
to his other technical subjects. It is 
believed that Lindahl’s decade of 
service at Augustana placed scien- 
tific instruction on a firm basis. 


Lindahl was the son of a clergy- 
man of the Lutheran State Church. 
His father died when Josua was 10 
years old, and he was sent to live 
with relatives in Karlshamn. 
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While a student in Karlshamn, 
preparing for the university, he as- 
sisted a professor in compiling the 
flora of the Province of Blekinge, 
and also collected a large herbarium 
and made the beginning of a good 
collection of Swedish land and fresh 
water shells which he later gave to 
the Augustana College Museum. 

Throughout his stay at the Uni- 
versity of Lund, he partly supported 
himself by private tutorship in the 
Von Essen family. He received fur- 
ther assistance by being once award- 
ed the Thonander Stipend, voted 
once a year by the student body to 
the most worthy of their members. 
He also worked in the Museum of 
the University of Lund where he 
contacted Gwynn-Jeffreys, the Brit- 
ish conchologist, who later invited 
him to use his pleasure yacht in or- 
der to make zoological dredgings off 
the west coast of Ireland. This was 
followed by an expedition under the 
auspices of the Royal Society of 
London to carry out the first deep- 
sea explorations in the Atlantic, and 
later in the Mediterranean. 

The following year, 1871, he was 
zoologist of an expedition sent by the 
Swedish Academy of Science to 
make explorations in Greenland and 
to bring back massive blocks of me- 
teoric iron which had been discov- 
ered the previous year. He also 
took part in dredging expeditions 
the two following summers along the 
coast of Sweden to study the preva- 
lenee and distribution of inverte- 
brates which served as food for fish. 

After Lindahl received his doctor- 
ate he taught zoology at the Univer- 
sity of Lund until he was sent to 
Philadelphia. The background shows 
ample reasons why he was brought 
to Augustana. Lindahl remained at 
Augustana as Head of the Depart- 
ment of Natural Science for ten 


years, where he built up a strong 
sentiment for the study of science, 
and reflected his fame upon the 
department. The New Main Build. 
ing for the teaching of science was 
ecmpleted in 1888 before he left 
Augustana. 

After the death of Professor A. H. 
Worthen in May 1888, who had been 
State Geologist of Illinois since 1858, 
Lindahl accepted the commission as 
Curator of the State Historical Li- 
brary and Natural History Museum 
at the State Capitol in Springfield. 
The State Museum had been estab- 
lished in 1877 and Worthen was 
made Curator. He had retained the 
title of State Geologist in spite of 
the fact that appropriations for the 
Geological Survey had ceased in 
1872 except for publications of the 
work already done. The Curator 
was required by law to perform the 
duties of State Geologist. Upon as- 
suming office Lindahl, acting as 
State Geologist, prepared Worthen’s 
last report for publication (Volume 
VIII of the Geological Survey of 
Illinois), and added a revised index 
and a reproduction of the geologi- 
cal map, then out of print, on a small 
scale. Lindahl deeply appreciated 
Worthen’s magnificent work and in 
his letter of transmittal to Governor 
Joseph W. Fifer he outlined a sound 
program for future Geological Sur- 
vey work. This, however, was not 
acted upon. 

There was much interest in the 
forthcoming Columbian Exposition 
in Chicago and Lindahl prepared a 
geologic exhibit for the Illinois State 
Building and had charge of it until 
July. 

Lindahl devoted his entire ener- 
gies to the work of the Museum. He 
had never regarded his office as 
political, but after the election of a 
new State administration his resig- 


ae ie ee ee ee 


A o> Ne a 





sition 
red a 
State 
until 


ener- 
He 

e as 
of a 
resig- 


Lindahl-Udden Memorial 21 


nation was called for and his term 
of office ended in July 1893, after 
five years of tenure. After this un- 
fortunate incident, Lindahl taught 
for two years in Chicago and then 
became Director of the Cincinnati 
Society of Natural History begin- 
ning in December 1895. As Diree- 
tor, he edited the Journal of the 
Cincinnati Society of Natural His- 
tory until 1906 when at the age of 
62, he moved to Chicago where: he 
lived until his death in 1912. 

The special esteem given Lindahl 
was shown by the high honors he 
received from the Government of 
Sweden; he was made Officier d’ 
Academie in 1875 and was decorated 
by King Oscar II with the Royal 
Order of Vasa in 1877. As a biolo- 
gist he showed unusual breadth of in- 
terest, carrying membership in both 
the American Society of Vertebrate 
Paleontologists and the American 
Society of Invertebrate Paleontolo- 
gists. 


JoHAN AvuGust UpDEN 


Johan August Udden succeeded 
Lindahl at Augustana College in 
1888. He was an Augustana gradu- 
ate of the class of 1881, a student of 
Lindahl and a member of Professor 
Cervin’s first class in botany. 

Like Lindahl, Udden was born in 
Sweden but was Lindahl’s junior by 
15 years. He came to Minnesota 
with his parents in 1861 at the age 
of 2 years. 

From his graduation at Augus- 
tana, at the age of 23, he went to 
Bethany College, Kansas, as one of 
its founders and one of its first 
teachers. He taught many subjects 
there and also edited the local 
paper; indefatigable work charac- 
terized his whole career. In 1882, 
early in his teaching assignment at 
Bethany, he married Johanna Kris- 


tina Davis, who was his helpmate 
throughout his life. One daughter 
and three sons were born to them. 
The daughter died while still very 
youngand two sons died in manhood, 
Jon, the geologist, and Anton, the 
meteorologist and physicist. His son 
Svante became a businessman. 

Udden filled the chair of Natural 
History and Geology at Augustana 
from 1888 to 1911, a period of 23 
years. He taught various courses 
in botany, zoology, astronomy, 
physiology, meteorology, and geol- 
ogy, and at times helped out in other 
fields. He founded a series of mono- 
graphs, Augustana Library publica- 
tions, contributing five of the vol- 
umes. He published a total of 46 
papers during his professorship be- 
sides carrying a teaching burden 
that today would be considered un- 
feasible for a research man. This is 
all the more noteworthy in view of 
his limited professional scientific 
training. which in addition to what 
he received at Augustana included 
a part of the year of 1886 at the 
University of Minnesota. It was 
necessary for him to rely on his 
own powers of observation and rea- 
soning and to devise his own meth- 
ods of approach and _ technique. 
Throughout his life he constantly 
turned up something new. 

At Augustana he wrote fundamen- 
tal papers on the deposition of dust 
from the atmosphere, the mechani- 
eal composition of clastic sediments, 
and the sedimentary cycles of the 
Pennsylvanian period. He brought 
out, too, that much could be learned 
about the subsurface rocks by the 
minute examination of well cuttings, 
and he was a pioneer in that field. 

After he had written in the 17th 
annual report of the United States 
Geological Survey, ‘‘An Account of 
the Paleozoic Rocks Explored by 





22 Illinois Academy of Science Transactions 


Deep Borings at Rock Island, Illinois 
and Vicinity,’’ had prepared a geo- 
logie section of northern Illinois in 
the report of the World’s Fair Com- 
missioners, and had become know 
for his exact and original work, he 
was selected by Director H. Foster 
Bain as one of the first geologists on 
the new scientific staff of the new 
Illinois Geological Survey in 1905. 
Previously he had served as special 
assistant on the Iowa Geological 
Survey from 1897 to 1903, and gave 
temporary service to the University 
of Texas in 1903-04. His reports 
for the Illinois Survey are held in 
high regard to this day. 

Udden developed a love for Texas 
during his field work in west Texas 
in 1903, and was persuaded to be- 
come a geologist on the staff of the 
Bureau of Economic Geology and 
Technology at the University of 
Texas in 1911, of which he became 
director in 1915. His contributions 
to the geology of Texas became as 
outstanding as they had been to IIli- 
nois and Iowa. Udden had already 
developed the anticlinal theory of 
origin of quicksilver deposits in 1904 
in his study of the Terlingua depos- 
its, and he had already written a 
masterpiece in his ‘‘A Sketch of the 
Geology of the Chisos Country, 
Brewster County, Texas,’’ which he 
finished in 1905. UWdden established 
the first subsurface laboratory in 
Texas and various oil companies fol- 
lowed his action. By studies in his 
own laboratory of drill cuttings 
from the great Permian basin of the 
Southwest, he discovered the occur- 
rence of potash deposits which con- 
vinced him that Texas and New 
Mexico probably contained workable 
reserves, a conclusion since confirm- 
ed by the development of a large in- 
dustry in New Mexico. 


It is well known that he was the 
first to advise the regents of the Uni- 
versity of Texas of the probable oc- 
currence of oil and gas on the lands 
of the University of Texas in Reagan 
County. This led to the discovery 
of the Big Lake oil field, the forerun- 
ner of other west Texas and New 
Mexico fields. Revenue from its oil 
lands have amounted to many mil- 
lions of dollars for the University. 

In the teens of this century, Ud- 
den became convinced that geophysi- 
cal research would be useful in lead- 
ing to the discovery of new oil and 
gas fields. However, he delayed his 
publication until 1920. Since then 
these methods have proved to be of 
inestimable value in America and 
elsewhere. His ‘‘Review of the 
Geology of Texas’’ in 1916 with the 
first large scale geologic map of the 
state became geology’s ‘‘best seller,’’ 
requiring several editions that total- 
ed more than 50,000 copies. It ap- 
peared in time to anticipate they 
boom in Texas oil during the First 
World War. 

Udden’s policies as Director of 
the Bureau of Economic Geology 
were born of his own personal in- 
tegrity. The Bureau never engaged 
in propaganda for its own benefit 
nor has it lent itself to be the servant 
of any special interest. Along with 
his intellectual honesty went the 
modesty of a scientist and human 
kindliness. He gave of his mind and 
heart to enrich and better the world, 
a true eriterion of the spirit that 
entered into the founding of his 
Bethany College. 

Udden was one of the first to be 
made an honorary member of the 
American Association of Petroleum 
Geologists and of the Society of Eco- 
nomic Paleontologists and Miner- 
alogists. He was a Fellow of the 
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Geological Society and of many 
scientific academies for many years. 
He earned the degree of Master of 
Arts from Augustana College in 
1889 and was honored by his Alma 
Mater with the honorary degree of 
Doctor of Philosophy in 1900 and 
Doctor of Laws in 1929. Bethany 
College conferred upon him the 
degree of Doctor of Science in 1921, 
and Texas Christian University re- 
peated the honor in 1923. King 
Osear II of Sweden knighted him 
with the Order of the North Star in 
1911 when he left Augustana for his 
new field in Texas. 

And now recognizing the rare 
good fortune of Augustana College 


in having chosen Lindahl to occupy 
the first chair of Natural Science 
and in having produced and accept- 
ed Udden as her own son and dis- 
tinguished scientist, we invite with 
reverence Dr. Udden’s grandson, 
Marshall Udden, to withdraw the 
veil from this boulder, on which is 
inscribed the two names, ‘‘ Lindahl’’ 
and ‘‘Udden,’’ which we trust will 
perpetuate for the long future our 
tribute to them and which will al- 
ways bring honor to Augustana and 
inspire its students and faculty. 

So when a great man dies, 

For years beyond our ken, 

The light he leaves behind him lies 


Upon the paths of men. 
—Henry Wadsworth Longfellow 
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THE BEGINNING OF THE ILLINOIS STATE ACADEMY 
OF SCIENCE* 


WILLIAM M. BAILEY 
Southern Illinois University, Carbondale 





By the middle of the nineteenth 
century, interest in different fields 
of science was growing in Illinois, as 
in other states. Various scientific 
organizations were formed, some 
limited to certain sciences, others to 
local situations. In the former 
group may be mentioned the first 
Geological Survey of Illinois (7), 
which began in 1851, the Illinois 
State Agricultural Society (6), 
which was organized at Springfield 
in 1853, the State Natural History 
Society of Illinois (2), which was 
organized at Bloomington in 1858, 
and the present Illinois State Geo- 
logical Survey (1), organized in 
1905. In the latter group the Chi- 
eago Academy of Sciences (3), 
organized in 1857, was preeminent, 
and other local scientific organiza- 
tions may be noted. The Ottawa 
Academy of Natural Sciences (10) 
was founded in 1866. The Peoria 
Scientific Association (4) was or- 
ganized in 1875. From a clipping 
from the Peoria Journal-Transcript 
of May 24, 1936, the following state- 
ment was taken: ‘‘ As early as 1839 
the Peoria Scientific and Historical 
Society was in existence.’’ The 
Peoria Academy of Science of the 
present time was organized in 1930. 
The Academy of Science of South- 


* This history of the first few years of the Illinois 
Academy of Science has been written because of 
the great scarcity of copies of Volume I and other 
early volumes of the Transactions of the Illinois 
State Academy of Science, in order that the member- 
ship of the Academy may know something about 
how the Academy was organized and began its 
work. The first two annual meetings are included 
in this sketch. 
receiving an 
concerning 


The Committee will appreciate 
additional information or comments 
e early history of the Academy, 


ern Illinois (5) was organized at 
Carbondale December 2, 1876. 


As the years passed it came to be 
recognized as highly desirable that 
there should be a unification of the 
scientific interests of the state, and 
that an organization of those en- 
gaged in scientifie work throughout 
the state should be formed. Accord- 
ingly, an invitation was extended to 
all persons engaged in the teaching 
of the sciences in the universities, 
colleges, and high schools, and those 
employed in other lines of scientific 
work, to meet at Springfield Decem- 
ber 7, 1907 (8). More than 100 per- 
sons responded, among them a good § 
representation of the leaders in thé 
sciences in the universities. 

The meeting was held in the Sen- 
ate Chamber of the Capitol. The 
meeting was called to order by 
A. R. Crook, Director of the State 
Museum, at 10:00 am. U. S. 
Grant, of Northwestern University, 
was elected temporary chairman. 
Secretary of State James A. Rose, 
on behalf of the Governor of the 
State, welcomed the group to the 
State Capitol. T. C. Chamberlin, of 
the University of Chicago, gave the 
opening address. Professor Cham- 
berlin introduced his address by ex- 
tending the felicitations of the Chica- 
go Academy of Sciences, and sketch- 
ing some of the salient features of 
its history, covering a period of a 
little more than fifty years, as a 
means of suggesting some of the 
problems that the new academy 
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would have to face. He then gave 
an address on the subject ‘‘The Ad- 
vantages of a State Academy of 
Seience.’’ Professor S. A. Forbes, 
of the University of Illinois, then 
gave an address on the subject, 
“History of the Former State Na- 
tural History Societies of Illinois.’’ 

On motion of 8. W. Williston, of 
the University of Chicago, A. R. 
Crook was elected temporary secre- 
tary. It was voted that the Chair 
appoint a committee of three on or- 
ganization. This committee was au- 
thorized to add six others to its num- 
ber. These nine were directed to 
draw up a constitution and nominate 
officers. The Chair appointed 8S. W. 
Williston, of the University of Chi- 
eago, W. A. Noyes, of the University 
of Illinois, and C. B. Atwell, of 
Northwestern University.. This 
committee added T. C. Chamberlin, 
of the University of Chicago; S. A. 
Forbes, of the University of Illinois; 
A. R. Crook, of the State Museum ; 
F. L. Charles, of the Northern Illi- 
nois State Normal; H. V. Neal, of 
Knox College; and B. B. James, of 
James Millikin University. While 
the committee was at work, there 
was a general discussion of the plans 
and aims of the organization. The 
meeting then adjourned until 2 P.M. 

The afternoon session was called 
to order at 2:15 p.m. by the presi- 
dent pro tempore. The draft of the 
proposed constitution was presented 
by S. W. Williston, Chairman of the 
Committee. It was read by the See- 
retary of the Committee, F. L. 
Charles, and was then considered 
section by section. After revision 
and discussion the constitution and 
by-laws were adopted. It was voted 
that the first annual dues should 
apply for the year 1908. - Chairman 
S. W. Williston then presented the 
report of the Committee on nomina- 


tions. It was voted that the Secre- 
tary cast the ballot for the following 
nominations, and they were declared 
elected : 

President, T. C. Chamberlin, of 
the University of Chicago. 

Vice-President, Henry Crew, of 
Northwestern University. 

Secretary, A. R. Crook, Director 
of the State Museum. 

Treasurer, J. C. Hessler, of James 
Millikin University. 

Third Member of the Publications 
Committee, H. F. Bain of the State 
Geological Survey. 

Committee on Membership: S. A. 
Forbes. of the University of Illinois, 
chairman; T. W. Galloway of 
James Millikin University; J. P. 
Magnusson, of Augustana College; 
C. H. Smith, of the Hyde Park 
High School; B. B. James, of James 
Millikin University. 

The Membership Committee was 
authorized to accept as charter mem- 
bers those persons who had previous- 
ly expressed their desire to be en- 
rolled as such, but were unable to be 
present at the meeting. The com- 
mittee acted upon the names sub- 
mitted. The president-elect, T. C. 
Chamberlin, was introduced by 
President pro tempore Grant. B. B. 
James, of James Millikin University, 
was appointed treasurer pro tempore 
in the absence of the Treasurer, J. 
C. Hessler. 

A symposium upon ‘‘The Outlook 
for Young Men in the Various Sci- 
ences’’ was participated in by W. J. 
McGee, who spoke on ‘‘ Anthropol- 
ogy,’’ John G. Coulter, of the Illi- 
nois State Normal University, on 
‘‘Opportunities in Botany,’’ W. A. 
Noyes, of the University of Illinois, 
on ‘‘Openings for Chemists,’’ H. 
Foster Bain, of the Illinois State 
Geological Survey, on the ‘‘ Outlook 
for Young Men in Geology,’’ Henry 





26 Illinois Academy of Science Transactions 


Crew, of Northwestern University, 
on the ‘‘Outlook for Young Men in 
Physies,’’ and H. V. Neal, of Knox 
College, on the ‘‘Outlook for Young 
Men in Zoology.’’ Upon motion of 
W. E. Loomis, of Springfield, it was 
voted that 500 copies of the proceed- 
ings of the Organization Meeting be 
printed, and that one copy be fur- 
nished to each member of the society. 

The meeting then adjourned until 
8 p.M. In the evening session Dr. 
W. J. MeGee delivered his lecture 
on the subject ‘‘Greater Steps in 
Human Progress,’’ to an audience of 
about 600. 

The addresses given at the organi- 
zation meeting were published or 
reviewed in the first part of Volume 
I of the Transactions of the Illinois 
State Academy of Science. 


CONSTITUTION AND BY-LAWS 
OF THE 
ILLINOIS STATE ACADEMY 
OF SCIENCE 


Adopted at the Organization Meet- 
ing at Springfield, December 7, 1907 


CONSTITUTION 


ARTICLE I. NAME 


This Society shall be known as the 
Illinois Academy of Science. 


ARTICLE II. OBJECTS 
Tne objects of thé Academy shall be 
the promotion of scientific research, the 
diffusion of scientific knowledge and 
scientific spirit, and the unification of 
the scientific interests of the State. 


ARTICLE III. MEMBERS 
The membership of the Academy shall 
consist of Active Members, Non-resident 
Members, Corresponding Members, Life 
Members, and Honorary Members. 
Active Members shall be persons who 
are interested in scientific work and 
are residents of the State of Illinois. 
Each active member shall pay an intia- 
tion fee of one dollar and an annual 
assessment of one dollar. 
Non-resident Members shall be per- 
sons who have been members of the 
Academy but have removed from the 


State. Their duties and privileges shall 
be the same as those of active members 
except that they may not hold office. 

Corresponding Members shall be such 
persons actively engaged in scientific 
research as shall be chosen by the Acad- 
emy, their duties and privileges to be 
the same as those of active members, 
except that they may not hold office 
and shall be free from all dues. 

Life Members shall be active or non- 
resident members who have paid fees to 
the amount of twenty dollars. They 
shall be free from further annual dues. 

Honorary Members shall be persons 
who have rendered distinguished serv- 
ice to science and who are not residents 
of the State of Illinois. The number 
shall not exceed twenty at one time. 
They shall be free from all dues. 

For election to any class of member- 
ship the candidate’s name must be pro- 
posed by two members, be approved by 
a majority of the committee on member- 
ship, and receive the assent of three- 
fourths of the members voting. 

All workers in science present at the 
organization meeting who sign the con- 
stitution, upon payment of the initia- 
tion fee and their annual dues for 1908 
become charter members. 


ARTICLE IV. OFFICERS 


The Officers of the Academy shall con- 
sist of a President, a Vice-President, a 
Chairman of each section that may bé 
organized, a Secretary, and a Treasurer? 
These officers shall be chosen by ballot 
on recommendation of a nominating 
committee, at an annual meeting, and 
shall hold office for one year or until 
their successors qualify. 

They shall perform the duties usually 
pertaining to their respective offices. 

It shall be one of the duties of the 
president to prepare an address which 
shall be delivered before the Academy 
at the annual meeting at which his term 
of office expires. 

The secretary shall have charge of 
all the books, collections, and material 
property belonging to the Academy. 


ARTICLE V. COUNCIL 

The Council shall consist of the Presi- 
dent, Vice-President, Chairman of each 
section, Secretary, Treasurer, and the 
president for the preceding year. To 
the Council shall be entrusted the man- 
agement of the affairs of the Academy 
during the intervals between regular 
meetings. 


ARTICLE VI. STANDING 
COMMITTEES 
The Standing Committees of the Acad- 


emy shall be a Committee on Publica- 
tion and a Committee on Membership. 
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The Committee on Publication shall 
consist of the President, the Secretary, 
and a third member chosen annually by 
the Academy. 

The Committee on Membership shall 
consist of five members chosen annually 
by the Academy. 


ARTICLE VII. MEETINGS 
The regular meetings of the Academy 
shall be held at such time and place as 
the Council may designate. Special 
meetings may be called by the Council 
and shall be called upon written re- 
quest of twenty members. 


ARTICLE VIII. PUBLICATION 

The regular publications of the Acad- 
emy shall include the transactions of 
the Academy and such papers as are 
deemed suitable by the Committee on 
Publication. 

All members shall receive gratis the 
current issues of the Academy. 


ARTICLE IX. AFFILIATION 


The Academy may enter into such re- 
lations of affiliation with other organi- 
zations of appropriate character as may 
be recommended by the Council and be 
ordered by a three-fourths vote of the 
members present at any regular meet- 
ing. 


ARTICLE X. AMENDMENTS 


This constitution may be amended, by 
a three-fourths vote of the members 
present at an annual meeting, provided 
that notice of the desired change has 
been sent by the Secretary to all mem- 
bers at least twenty days before such 
meeting. 


BY-LAWS 


I. The following shall be the regular 
order of business. 


Call to order. 

Reports of officers. 

Reports of standing committees. 
Election of members. 

Reports of special committees. 
Appointment of special commit- 
tees. 

Unfinished business. 

New business. 

Election of officers. 

Program. 

Adjournment. 


— 
BSeen aoe ere 


II. No meeting of the Academy shall 
be held without thirty days’ previous 
notice being sent by the Secretary to 
all members, 


III. Fifteen members shall constitute 
a quorum of the Academy. A majority 
of the Council shall constitute a quorum 
of the Council. 

IV. No bill against the Academy shall 
be paid without an order signed by the 
President and Secretary. 

V. Members who shall allow their 
dues to remain unpaid for three years, 
having been annually notified of their 
arrearage by the Treasurer, shall have 
their names stricken from the roll. 

VI. The Secretary shall have charge 
of the distribution, sale, and exchange 
of the published Transactions of the 
Academy, under such restrictions as 
may be imposed by the Council. 

VII. The presiding officer shall at 
each annual meeting appoint a com- 
mittee of three who shall examine and 
report in writing upon the account of 
the Treasurer. 

VIII. No paper shall be entitled to 
a place on the program unless the manu- 
script or an abstract of the same shal! 
have been previously delivered to the 
Secretary. 

IX. These by-laws may be suspended 
by a three-fourths vote of the members 
present at any regular meeting. 


The first regular annual meeting 
of the Illinois State Academy of 
Science was held in the James Milli- 
kin University, at Decatur, Febru- 
ary 22, 1908 (8). 

The meeting was called to order 
by the President of the Academy, 
Dr. T. C. Chamberlin, of the Univer- 
sity of Chicago, at 10 am. There 
were 96 persons present. The Treas- 
urer of the Academy, Dr. J. C. Hess- 
ler, of James Millikin University, 
made an announcement concerning 
the payment of dues, and also one 
concerning the plans for the meet- 
ing. Prof. 8. A. Forbes, of the Uni- 
versity of Illinois, Chairman of the 
Committee on Membership, reported 
a list of names of persons properly 
nominated and recommended for 
membership. These persons were 
voted into the organization. 

The following papers were read in 
this session : 

**Biotic Zones and Districts of 
Illinois’’—Charles A. Hart (Ento- 
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mology), of the Illinois State Lab- 
oratory of Natural History, Univer- 
sity of Illinois. 

‘A Case of Phosphorescence as a 
Mating Adaptation’’—T. W. Gallo- 
way (Zoology), of James Millikin 
University. 

*‘Some Problems Connected With 
the Coals of Illinois’ —S. W. Parr 
(Chemistry), of the University of 
Illinois. 

‘*The Desirability of a Systematic 
Ecological Survey from the Stand- 
point of Plant and Animal Associa- 
tions’’—H. C. Cowles (Botany), of 
the University of Chicago. 

**A State Ecological Survey’’—E. 
N. Transeau (Botany), of the East- 
ern State Normal School, at Charles- 
ton. 

‘*A Virgin Prairie in Illinois’’— 
H. A. Gleason (Botany) of the Uni- 
versity of Illinois. 

“‘Oeeurrence of Oil and Gas in 
Eastern Illinois’’—H. Foster Bain, 
of Illinois State Geological Survey. 

‘‘Tilinois Trees’’—T. J. Burrill 
(Botany), of the University of Illi- 
nois. 

**Plant Pathology in Relation to 
Other Sciences’’—Ernest 8S. Rey- 
nolds (Botany), of the University 
of Illinois. 

President Chamberlin spoke on 
the desirability of affiliating with 
other scientific societies in the State. 
He gave an account of the discussion 
at the meeting of the Council, held 
in Chicago, December 30. He in- 
vited those interested in considering 
plans to meet at 1:45 p.m., before 
the opening of the afternoon session. 

Professor Forbes stated that as a 
result of the work of many years, a 
great mass of ecological material had 
been collected by the Natural His- 
tory Survey, named and labeled, and 
that this material was at the disposal 
of students. He spoke of his gratifi- 


cation because of the increasing en- 
thusiasm for the work. 

A. R. Crook, Director of the State 
Museum, expressed the hope that the 
Academy would aid the State Mu- 
seum in securing materials to illus- 
trate the mineral resources of every 
section of the State, and the relation 
of animals and plants to each other 
and to their environment in various 
parts of the State. C. C. Adams, of 
the University of Chicago, suggested 
that a definite work be taken up, so 
that a report could be made on some 
locality. 

The meeting was then adjourned 
until 2:00 p.m. 

In the afternoon session, which 
began at 2:25 p.m., the following 
papers were presented : 

‘Relation of the State Academy 
to the Natural History Survey of 
the Chicago Academy of Sciences’’ 
—Frank C. Baker, of the Chicago 
Academy of Sciences. 


‘‘Farm Water Supplies’’—Ed?. 


ward Bartow (Chemistry), of thé 
University of Illinois. 

President Chamberlin made an 
announcement concerning the publi- 
cation of the Transactions, request- 
ing all who were taking part in the 
program to send copies or abstracts 
of their papers to the secretary for 
publication. He expressed the hope 
that means for publication would be 
provided by the State Legislature as 
was customary in other states. 

By the passage of a motion offered 
by H. F. Bain, of the State Geologi- 
cal Survey, the President of the 
Academy was instructed to appoint 
a committee of five on the collection 
of drill records. 

A motion, made by 8S. A. Forbes, 
was passed authorizing scientific 
organizations that enter into rela- 
tions of affiliation with the Academy 
each to appoint one of its members 


to be 
Acad 
to vi 
lated 
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to be a member of the Council of the 
Academy, who should have the right 
to vote on matters specifically re- 
lated to the terms of affiliation, but 
not on other matters. On motion of 
H. F. Bain, it was voted to invite 
appropriate organizations each to 
appoint some member of the organi- 
zation to represent it on the Acade- 
my Council while an ecological sur- 
vey of the State was being made. 

A symposium on ‘‘The Atmos- 
phere’’ was participated in by T. C. 
Chamberlin (Geology), of the Uni- 
versity of Chicago; Albert P. Car- 
man (Physics), of the University of 
Illinois: H. C. Cowles (Botany), of 
the University of Chicago; John M. 
Coulter (Botany), of the University 
of Chicago; Wm. A. Noyes (Chem- 
istry), of the University of Illinois; 
Charles E. M. Fischer, of the’ College 
of Physicians and Surgeons of the 
University of Illinois; and H. Foster 
Bain, of the State Geological Sur- 
vey. 

“The meeting was then adjourned. 

At the evening session, beginning 
at eight o’clock, A. A. Michelson, of 
the University of Chicago, lectured 
on the subject, ‘‘ Recent Advances in 
Spectroscopy.”’ 

Abstracts of the papers read at 
the first annual meeting of the 
Academy, and the address of Dr. A. 
A. Michelson in the evening were 
published in the Transactions of the 
Illinois State Academy of Science, 
Volume I, 1908. 

The Council meeting of the Illi- 
nois Academy of Science was held 
in Chicago, in the Auditorium An- 
nex, Friday, May 8; 1908, beginning 
at 2:30 p.m. 

On motion of Professor Crew, of 
Northwestern University, the fol- 
lowing committee upon the ecologi- 
eal survey of the State of Illinois 
was appointed: S. A. Forbes, of the 


University of Illinois, Chairman; F. 
C. Baker, of the Chicago Academy - 
of Sciences; H. C. Cowles, of the 
University of Chicago; H. A. Glea- 
son, of the University of Illinois; 
and T. L. Hankinson, of the Eastern - 
Illinois State Normal. 

The Council voted to publish the 
‘‘Transactions’’ of the Academy, 
which should include the transac- 
tions of the organization meeting 
held December 7, 1907, at Spring- 
field, and the first regular meeting 
held in Decatur, February 22, 1908, 
the Constitution of the Academy, 
and the list of members. 

The Council decided to hold the 
next meeting of the Academy at 
Springfield, February 20, 1909. It 
was decided that the program of this 
meeting should consist of a business 
meeting and the reading of papers 
in the morning, a symposium on the 
scientific activities of the State, their 
history, methods, and purposes, in 
the afternoon, and an address by the 
retiring president in the evening. 

The Council then adjourned. 

The second annual meeting of the 
Illinois State Academy of Science 
was held in Springfield in the Old 
Supreme Court Room in the State 
House, February 20, 1909 (9). 

The meeting of the Academy was 
called to order by Vige-President 
Henry Crew at 10:00 am. The 
minutes of the last meeting were 
read by Secretary Crook, and ap- 
proved. The Treasurer, J. C. Hess- 
ler, presented ‘his report. This was 
laid on the Chairman’s table until 
an Auditing Committee could be ap- 
pointed to examine it. Secretary 
Crook requested that the members 
send in their correct addresses, de- 
grees, and the names of the subjects 
in which they are interested, in or- 
der that the records of the Academy 
might be as complete as possible. 





30 Illinois Academy of Science Transactions 


Professor S. A. Forbes, Chairman 
of the Membership Committee, then 
presented the report of his commit- 
tee. This was approved, and the 
Secretary was instructed to cast the 
ballot of the Academy for those 
nominated for membership. 


Professor S. A. Forbes, Chairman 
of the Committee on Ecological Sur- 
vey, made the following report on 
the progress of this work. 


One of the first tasks of an ecological 
survey is the recognition and descrip- 
tion of the plant and animal associa- 
tions represented. This may be reached 
by the detailed study and mapping of 
limited districts chosen from various 
parts of the state and representative 
of much larger areas. The results of 
this detailed work will give by com- 
parison a general idea of the structure 
of the associations throughout the state. 
It may be supplemented by a more gen- 
eral study of the entire state, showing 
the distribution of such association 
groups as forest and prairie, sand reg- 
ions, cypress swamps, etc. Both lines 
of work lead to the production of an 
ecological map of the state, showing 
the distribution of all the associations 
represented. Survey work of this nat- 
ure will give appreciable results in a 
comparatively short time, will indicate 
the general nature of the survey, will 
serve as a pattern to amateurs, will 
open a large field for the use of teachers, 
and will be a foundation for subsequent 
investigation. Work on other phases of 
ecology, such as the correlation of asso- 
ciations with environmental factors or 
their interrelations with each other, 
will necessarily accompany the carto- 
graphic work to some extent. 


Members of the committee report- 
ed the following field work under 
way: 

F. C. Baker, ecological study and map- 
ping of limited area at Shermerville, 
with especial reference to Mollusca. 

H. C. Cowles, mapping the plant as- 
sociations of portions of the South Chi- 
cago area. 

H. A. Gleason, a study of the vegeta- 
tion of inland sand deposits. 

T. L. Hankinson, the breeding habits 
of fish near Charleston, correlated with 
environmental conditions. 

Vv. E. Shelford, ponds in the dune 
region at the head of Lake Michigan. 


E. N. Transeau, plant associations in 
the vicinity of Charleston; studies of 
evaporation. 


After a discussion of the need of 
state aid for the survey, it was 
formally recommended by the com- 
mittee that, 
instead of a separate organization, the 
Academy cooperate with the State Lab 
oratory of Natural History in securing 
funds and in carrying out the work of 
the proposed ecological survey. The 
State Laboratory has been engaged in 
this work for years, and is now willing 
to aid in the survey and to bring to 
gether in a comprehensive plan the 
ecological results of the work of both 
institutions and individuals. 

The committee especially wishes to 
bring into its membership all persons 
prepared and disposed to do active work 
on the ecology of any part of the state. 


The report was approved ; and the 
committee was continued for another 
year. 

Chairman Crew then appointed 
the following committees : 


Committee on Nominations—W. F. 
M. Goss, University of Illinois; F. lL. 
Charles, University of Illinois; 8%. 
W. Parr, University of Illinois; T. 
W. Galloway, James Millikin Uni- 
versity. 

Committee to Audit the Treas 
urer’s Report—F. R. Watson, Uni- 
versity of Illinois; H. O. Barnes, 
High School, Springfield; R. 0. 
Graham, Illinois Wesleyan Univer- 
sity; T. W. Galloway. 


The Secretary then stated that a 
committee to collect drill records was 
to have been appointed the preced- 
ing year. He suggested that this 
committee be appointed at this time, 
or a little later in the day. Mr. F. 
W. De Wolf, Acting Director of the 
State Geological Survey, suggested 
Professor J. A. Udden fo: appoint- 
ment on this committee, stating that 
‘‘a great deal of the work is now 
in his hands.’’ Chairman Crew sug- 
gested that, because of the import 
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ance of the Committee and the need 
of further consideration, the ap- 
pointment of the Committee be post- 
poned until later in the day. This 
suggestion was accepted. 

After some discussion of the de- 
sirability of having sectional meet- 
ings, the following motion was 
passed : ‘‘That it is the sense of the 
Academy that we should not resolve 
our meetings into sectional meetings 
at this time.’’ 

After the conclusion of the busi- 
ness meeting Isabel 8. Smith, of Illi- 
nois College, Jacksonville, presented 
a paper on the subject, ‘‘Illinois 
Trees.”’ 

In leading the discussion on this 
paper, Professor Forbes said: 


I think the reason the pioneers settled 
along the streams was because of the 
shelter, and because most of the earliest 
settlers came from forest countries. We 
see, in reading the records of the first 
explorers, that there was a general preju- 
dice against the prairies, as being bare 
and lonesome, and practically worthless 
for agriculture. 


*Dr. Crook said: 

I might say that at the last session a 
law was passed by the State Legislature 
designating the ‘native oak’ as the sym- 
bolic tree of this State. If the law- 
makers had consulted with some one 
like Miss Smith they might have found 
out that there are sixteen varieties of 
native oaks in this State—another illus- 
tration of the fact that our laws would 
often be better if they were framed by 
men who availed themselves of the 
knowledge of experts. 

The following papers were then 
presented without discussion: 

‘‘Some Botanical Features of [lli- 
nois Sand Dunes’’—H. A. Gleason 
(Botany), University of Illinois. 

**Preliminary Report of Observa- 
tions upon a Robin’s Nest’’—F. L. 
Charles (Zoology and Botany), 
University of Illinois. 

‘*Cliff Flora of Jo Daviess Coun- 
ty’—H. 8S. Pepoon (Zoology and 
Botany), Lakeview High School, 
Chicago. Read by title only. 


Academy of Science 31 

“‘The Clay Seams of No. 5 Coal 
Bed in the Springfield Quadrangle”’ 
—T. E. Savage (Stratigraphic Geol- 
ogy), University of Illinois. 

The meeting then adjourned until 
2:00 P.M. 

The Academy was called to 
order at 2:15 p.m. by Chairman 
Crew. S. A. Forbes, Chairman of 
the Membership Committee, made a 
report on additional names of per- 
sons proposed for membership in the 
Academy. The number of new mem- 
bers added at both the morning and 
afternoon sessions was 42. 

The following papers were then 
presented : 

‘*Hardness of Illinois Municipal 
Water Supplies’’—Edward Bartow 
(Chemistry), University of Illinois. 

‘Electrolytic Separation of 
Metals by Graded Electromotive 
Forces’’—Albert Carver (Physics), 
Springfield High School. 

After the presentation of these 
papers, Chairman Crew called for 
reports of committees. 

F. R. Watson, Chairman of the 
Auditing Committee, stated that the 
Treasurer’s report was found to be 
correct. The Treasurer’s report as 
presented at the morning session was 
then adopted unanimously. 

On making the report of the Com- 
mittee on Nominations, W. F. M. 
Goss, Chairman of the Committee, 
expressed the appreciation of the 
committee for the efficient work of 
Vice-President Henry Crew in serv- 
ing as Chairman of the meeting of 
the Academy. He stated that Dr. 
Crew had positively declined to ac- 
cept the nomination for President of 
the Academy. He then presented 
the names of the following nominees 
for the ensuing year: 

For President of the Academy— 
S. A. Forbes, University of Illinois. 





32 Illinois Academy of Science Transactions 


For Vice-President — John M. 
Coulter, University of Chicago. 

For Seeretary—A. R. Crook, Di- 
rector of the State Museum, Spring- 
field. 

For Treasurer—J. C. Hessler, 
James Millikin University. 

For the third member of the Pub- 
lications Committee—H. F. Bain, 
State Geological Survey. 

For Membership Committee — T. 
W. Galloway, James Millikin Univer- 
sity, Chairman; F. L. Charles, Uni- 
versity of Illinois; U. 8. Grant, 
Northwestern University; T. L. 
Hankinson, Eastern Illinois State 
Normal; 8. W. Williston, University 
of Chicago. 

The report of the Committee on 
Nominations was adopted unani- 
mously, and the ballot of the Acade- 
my was cast for the nominees by the 
Chair. 

Chairman Crew then announced 
the following Committee on Deep 
Drillings: J. A. Udden, of Augus- 
tana College; U.S. Grant, of North- 
western University; and F. W. De 
Wolf, of the State Geological Sur- 
vey. 

In a symposium on ‘‘The Scien- 
tific Activities of the State, Their 
History, Method and Purpose,’’ the 
following papers were presented : 

‘*State Laboratory of Natural 
History and the’ State Entomolo- 
gist’s Office’’—S. A. Forbes. 

‘*State Water Survey’’—Edward 
Bartow. 

‘State Highway Commission’’— 
A. N. Johnson. 

**State Geological 
W. De Wolf. 

“*State Museum of Natural His- 
tory’’—A. R. Crook. 

After some discussion, a motion 
was passed unanimously to appoint 
a committee to secure funds from 
the State Legislature for the publi- 


Survey ’’—F. 


cation of the Transactions of the 
Academy. 

A motion was passed authorizing 
the appointment of a committee to 
make a recommendation to be pre- 
sented to the State Legislature, urg- 
ing the erection at Springfield of a 
building to contain the State Mu- 
seum. Chairman Crew appointed 
the following committee to take 
charge of whatever legislative ree- 
ommendations the Academy thought 
wise: §S. A. Forbes, John M. Coul- 
ter, A. R. Crook, and J. C. Hessler. 
Forbes, Crook, and Hessler of this 
committee met March 1, 1909, and 
adopted a report and _ resolution 
strongly urging that the State Leg- 
islature should take steps to provide 
an adequate building for the State 
Museum, either alone or with other 
appropriate State departments. 

The afternoon session of the 
Academy adjourned until 6:00 P.m., 
when a banquet was given to the 
members of the Academy. by the 
Chamber of Commerce of Spring? 
field, in the Y. M. C. A. Building. At 
the banquet the following addresses 
were given by members of the 
Academy : 

‘*Botany and Commerce’’—Wm. 
Trelease (Botany), Missouri Botani- 
cal Garden, St. Louis. : 

‘*Seience and Transportation’’— 
W. F. M. Goss (Steam Engineer- 
ing), University of Illinois. 

“*Tllinois With or Without Sci- 
ence’’—R. O. Graham (Chemistry), 
Illinois Wesleyan University, Bloom- 
ington. 

‘*The Relation of Sciences to Each 
Other’’—Henry Crew (Physics), 
Northwestern University. 

All of the papers presented at this 
meeting of the Academy and the ad- 
dresses at the banquet were publish- 
ed in the Transactions of the Illinois 
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State Academy of Science, Volume 
II, 1909. 


The Council meeting of the Acade- 
my was held in the Botany Building 
of the University of Chicago, No- 
yember 1, 1909. Those present at 
the meeting were S. A. Forbes, John 
M. Coulter, A. R. Crook, and J. C. 
Hessler. 


The following decisions were made 
concerning the next annual meeting 
of the Academy. The cordial invi- 
tation of the University of Illinois 
to hold the meeting at Urbana was 
accepted. It was decided that the 
meeting would begin at 2:00 p.m. 
on Friday, February 18, 1910, and 
close Saturday afternoon, February 
19. The Council planned for the pro- 
gram to consist of a business meet- 


ing, presentation of papers, address 
by the retiring president, and a 
symposium on ‘‘The Relation of 
Pure and Applied Science (A) to 
the Progress of Knowledge and to 
Practical Affairs, and (B) to See- 
ondary Education.’’ The sympo- 
sium was to be participated in by 
five speakers chosen by the Council 
to present the subject from the point 
of view of the biologist, the chemist, 
and the physicist. 

Isabel S. Smith, of Illinois Col- 
lege, Jacksonville, was appointed 
third member of the Publication 
Committee to sueceed Dr. H. Foster 
Bain, elected at the last meeting of 
the Academy, who had resigned be- 
cause of his removal to California. 

The meeting of the Council was 
then adjourned. 
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PROGRAM FOR THE 48rd ANNUAL MEETING 
PAPERS PRESENTED 





ARCHAEOLOGY AND ANTHROPOLOGY 


C. C. BURFORD, Chairman 
Urbana 


More Data on Sites of the Peoria, Illinois, Region: Mrs. Ethel Schoenbeck, 
Peoria. 
You Can Still Find More of Them: Dr. Dan Morse, Peoria. 


. The Illinois State Archaeological Society and Its Journal: Byron W. Knoblock, 


Quincy, President, Illinois State Archaeological Society. 
Symposium, The Black Hawk War Area and Background: Irving W. Hurlbut, 
Davenport, Iowa, presiding. 
Speakers—John H. Hauberg, Rock Island; Irving W. Hurlbut, Davenport, 
Iowa; Russell Neuwerk, Moline; E. Lee Siemon, Rock Island. 
Birdstones: Dr. T. Hugh Young, Nashville, Tenn. 
Bannerstones: Ben Nussbaum, Fairbury, Illinois. 
Pictures of Archaeology of Southern Illinois: Irwin Peithman, Southern IIli- 
nois University, Carbondale. 


BOTANY 


R. A. EVERS, Chairman 
Illinois State Natural History Survey, Urbana 


é 
Albinism in Plants: Sister Mary Helen O’Hanlon, Rosary College, River Forest. 
The Ligneous Flora of Richland County, Illinois, by Robert Ridgway, an 
Unpublished Manuscript: George D. Fuller, Illinois State Museum and Uni- 
versity of Chicago. 


. The Carr and Daniels Collections of Fossil Plants from Mazon Creek: Wilson 


N. Stewart, University of Illinois, Urbana. 


. The Use of C14 in Plant Studies: Norbert J. Scully, Argonne National Lab- 


oratory, Chicago. 
Microscopic Anatomy of the Wood of Three Species of Junipers: Margaret 
Kaeiser, Southern Illinois University, Carbondale. 


. Absorption of Antibiotics by Natural Substrates: Paul Siminoff and David 


Gottlieb, University of Illinois, Urbana. 


. Colchicine as a Mutagenic Agent for Streptomyces griseus: Erich Schuldt 


and David Gottlieb, University of Illinois, Urbana. 


. The Secondary Phloem of Heterangium americanum: John W. Hall, Univer- 


sity of Illinois, Urbana. 

Poisonous Plants of West-Central Illinois: R. Maurice Myers and T. Dee Seely. 
Senior author, Western Illinois State College, Macomb; junior author, High 
School, Patterson, Illinois. 

Plankton Counting Methods: Kenneth E. Damann, Eastern Illinois State 
College, Charleston. 

Utilization of Some Organic Acids by Streptomyces griseus for Streptomycin 
Production and Growth: C. V. Hubbard and H. H. Thornberry. Senior author, 
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Rutgers University, New Brunswick, New Jersey; junior author, University 
of Illinois, Urbana. 

2. Therapeutic Studies on Carnation Virus Diseases: Ralph W. Ames, University 
of Illinois, Urbana. 


CHEMISTRY 


F. 0. GREEN, Chairman 
Wheaton College, Wheaton 


. Methoxyl Determination on Alkyl Esters of 2-Methoxybenzoic Acid: G. R. 
Yohe, Donald R. Hill, and Howard S. Clark, State Geological Survey, Urbana. 
Preparation of Symmetrical N,N1-Disubstituted Piperazines and Their Quat- 
ernary Ammonium Salts: D. R. Smith and R. L. Eifert, James Millikin Uni- 
versity, Decatur. 

Sodium in Our Present World: Elbert H. Hadley, Southern Illinois University, 
Carbondale. 

. Oxidation Potentials of Some Phenolic Compounds: F. P. Cassaretto and 
C. D. Lowry, Jr., Loyola University, Chicago. 

. The Use of Isotopes in Medicine: D. L. Tabern, Abbott Laboratories, Chicago. 
Kolbe Synthesis: G. W. Thiessen, Monmouth College, Monmouth. 

Physical Methods in Paper Chromatography: Arthur A. Frost, Northwestern 
University, Evanston. 

. The Microbiological Assay of Vitamin B,, in Impure Solutions: Thomas J. 
Oliver, Abbott Laboratories, Chicago. 

. Coal Oxidation: Active Oxygen and the Russell Effect: G. R. Yohe, State 
Geological Survey, Urbana. 


GEOGRAPHY 


WILLIAM E: POWERS, Chairman 
Northwestern University, Evanston 


Europe’s Climate Owes Much to Two Small Earth Features: W. O. Blanchard, 
University of Illinois, Urbana. 

. Geographical Possibilities of Cork Production in the United States: Charles 
C. Yahr, Illinois State Normal University, Normal. 

. The Conservation of Coal for Metallurgical Coke: Walter H. Voskuil, Illinois 
State Geological Survey, Urbana. 
Distribution of Beef Cattle in Florida: H. O. Lathrop, Illinois State Normal 
University, Normal. 

. Water Resource Conservation in Illinois: H. E. Hudson, Illinois State Water 
Survey, Urbana. 
Slope Studies of Northern Illinois: Wesley Calef, University of Chicago, 
Chicago. 
A Geographer’s Concept of Conservation: Ernest E. Melvin, Northwestern 
University, Evanston. 


GEOLOGY 


H. B. WILLMAN, Chairman 
Illinois State Geological Survey, Urbana 


Student Projects: an Experiment in Geologic Education: F. M. Fryxell, 
Augustana Co!lege, Rock Island. 
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. Some Easily Constructed Models for Teaching Optical Mineralogy: Carleton 


A. Chapman, University of Illinois, Urbana. 


. Atomic Models of the Silicates as an Essential Aid in the Teaching of Min- 


eralogy: Donald M. Henderson, University of Illinois, Urbana. 


. Glacial Lake Merrimac: J Harlen Bretz, University of Chicago, Chicago. 


Evidence of the Extension of the Labradorean Ice Sheet into Eastern Iowa, 
Tazewell-Wisconsin Substage: Morris M. Leighton, Illinois State Geological 
Survey, and Paul R. Shaffer, University of Illinois, Urbana. 


. Current Evaluation of the Cambrian-Keweenawan Problem: Gilbert O. Raasch, 


Illinois State Geological Survey, Urbana. 


. The Mt. Simon Sandstone in Northern Illinois: J. S. Templeton, Illinois State 


Geological Survey, Urbana. 


. Geological Control of Exploratory Drilling: George M. Wilson, Illinois State 


Geological Survey, Urbana. 


. A Type of Boghead Coal in Illinois: R. M. Kosanke, Illinois State Geological 


Survey, Urbana. 
Petrology of the Lower Burlington Limestone in Western Illinois: Donald L. 
Graf, Illinois State Geological Survey, Urbana. 


. Metamorphic Development of the Crawford Notch Quadrangle, New Hamp- 


shire: Donald M. Henderson, University of Illinois, Urbana. 
Preglacial Gravels in Henry County, Illinois: Leland Horberg, University of 
Chicago, Chicago. 4 


PHYSICS 


CLARENCE R. SMITH, Chairman 
Aurora College, Aurora 


. A Study of Inductive Circuits: Herbert A. Johnson, Augustana College, Rock 
, 


Island. 


. The Special Theory of Relativity and Electromagnetic Induction: W. J. 


Hooper, Principia College, Elsah. 
Survey of City Noise: G. L. Bonvallet, Armour Research Foundation of Illinois 
Institute of Technology, Chicago. 


. Report of the New York, February, Annual Meeting of the American Asso- 


ciation of Physics Teachers: Lester I. Bockstahler, Northwestern University, 
Evanston. 


. Projection of Polarization Phenomena: D. L. Eaton, Northern Illinois State 


Teachers College, DeKalb. 


. A New Instrument for Fluorimetry: Harris M. Sullivan, Central Scientific 


Company, Chicago. 


. Spectral Characteristics of Flash Discharges: W. S. Huxford and H. N. Olsen, 


Northwestern University, Evanston. 


. Photographic and Optical Techniques Useful in the Small-School Laboratory: 


Howard C. Roberta, University of Illinois, Urbana. 


. The Use of Radioactive Materials in the Undergraduate Laboratory: O. L. 


Railsback, Eastern Illinois State College, Charleston. 


. Measuring the Solar Constant and Studying Its Influence Upon the Earth’s 


11. 


Climate: Albert M. Pezzuto, New Table Mountain Solar Observatory of the 
Smithsonian Institution, Wrightwood, California. 

Magnetic Support for Obtaining High Centrifugal Fields: William H. Lucke, 
Southern Illinois University, Carbondale. 


+ This paper was presented at the meeting, but was not listed on the printed program. 
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PSYCHOLOGY AND EDUCATION 


R. WILL BURNETT, Chairman 
Urbana 


. A Digest of Significant Papers Presented at the Annual Meeting of the National 
Association for Research in Science Teaching: N. E. Bingham, Northwestern 
University, Evanston. 

. Earth Science as a Prerequisite for the Teaching of Geography: Ben H. 
Wilson, Joliet Township High School and Junior College, Joliet. 

. Findings from a Common Learnings Course Involving Science: Mrs. Audrey 
Lindsey, University High School, University of Illinois, Urbana. 

. Experiences in Educating for Human Relations: Mrs. Ruth Franham Osborne, 
Hinsdale Township High School, Hinsdale. 

. Validation by Means of the Sociogram of a Technique for Promoting Social 
Acceptability in Elementary School Children: Elva E. Kinney, Greenville 
College, Greenville. 

. Meeting Students’ Needs: Charlotte L. Grant, Oak Park and River Forest 
High School. 

. A Study of College Science Courses Designed for General Education: Robert 
A. Bullington, MacMurray College, Jacksonville. 

. Some Findings of a Study of Competencies Required in Successful Teaching 
of Science in the Schools of Illinois: T. A. Nelson, Lyons Township High 
School, LaGrange. 

. Experience in Program Modifications in Science: Nelson L. Lowry, Arlington 
Heights Township High School, Arlington Heights. 

. Findings from the “Holding Power” Study of the Illinois Secondary School 
Curriculum Project: Kenneth B. Henderson, University of Illinois, Urbana. 

. Educating Teachers Concerning Scientific Features of the Community: D. 
Elton Nelson, Hinsdale Township High School, Hinsdale. 

. The National Aviation Education Classroom Demonstration Project: Horace 
S. Gilbert, Civil Aeronautics Administration. 

. Science and Philosophy in General Education Programs: John H. Woodburn, 
Illinois Normal University, Normal. 


SOCIAL SCIENCE 


LEWIS MAVERICK, Chairman 
Southern Illinois University, Carbondale 


EMPHASIS ON SOCIOLOGY 


. Sociological Problems in the Study of Industrial Relations: Donald E. Wray, 
University of Illinois, Urbana. 

. The Swedish Theatre of Chicago and Its Social Background: Henriette 
Naeseth, Augustana College, Rock Island. 

. What Is So Human About Ants and Termites? George K. Plochmann, South- 
ern Illinois University, Carbondale. 

. Recent Studies of the Relative Power of Nature and Nurture, Monozygotic 
Twins: Grace M. Jaffe, Barat College, Lake Forest. 

- The Social Studies for Future Teachers—A Functional Major: Fritiof 0. 
Ander, Augustana College, Rock Island. 
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EMPHASIS ON GOVERNMENT AND ECONOMICS 


. The Administration of the Federal Airport Act: George B. Rea, Northwestern 
University, Evanston. 

Supply and Demand for Pig Iron in the United States, 1904 to 1948: Lewis A. 
Maverick, Southern Illinois University, Carbondale. 

Problems of Constitutional Revision in Illinois and Iowa: Stanley Erikson, 
Augustana College, Rock Island. 

. The Attitude of The Chicago Tribune Toward American Foreign Policy, 1939 
to December 7, 1941: Marcus William Kulyan, Northwestern University, 
Evanston. 

. The Interdependence of the Social and Natural Sciences: G. Carl Wiegand, 
Loyola University, Chicago. 

Beef Cattle Industry in Illinois, 1840-50: C. Clyde Jones, Northwestern Uni- 
versity, Evanston. 


. The Need for Corporate Research in the Social Sciences: J. K. Johnson, South- 
ern Illinois University, Carbondale. 


ZOOLOGY 


CHARLES J. WIDEMAN, Chairman 
Loyola University, Chicago 


Etymological Problems in Herpetological Nomenclature: Albert G. Smith, 
Loyola University, Chicago. 

. The Use of Horse Strongyle Larvae in Screening Compounds for Anthelmintic 
Activity: Norman D. Levine, University of Illinois, Urbana. 

Comparative Studies of Normal and Piebald Hamsters: Charles L. Foote and 
Florence M. Foote, Southern Illinois University, Carbondale. 

Studies of Ciliates 1—The Encystment and State of Depression in Oxy- 
trichidae: Dimitri Soko!off, Mundelein College, Chicago. 

Field Notes on the Squash Bug, Anasa tristis (De Geer): W. V. Balduf, 
University of Illinois, Urbana. 

Ecological Notes on Silpha americana: E. J. Long, Quincy College, Quincy. 
Our Food, Our Health, and Our Future: A. J. Carlson, University of Chicago, 
Chicago. 

. An Investigation of the Occurrence of Enterobius vermicularis Ova in Dust 
from Homes and Public Buildings: Wayne W. Wantland, Mildred M. Car- 
michael, Clifford Storm, Mary Ho, Illinois Wesleyan University, Bloomington. 
Cysticercus fasciolaris in the Wild Rat: Wayne W. Wantland, Kenneth E. 
Dye, Harold M. Kemple, Illinois Wesleyan University, Bloomington. 

A Study of the Incidence of Endamoeba gingivalis in a Centra! Illinois Com- 
munity: Wayne W. Wantland, Hubert Engel, Seije Nakada, Illinois Wesleyan 
University, Bloomington. 

Hunger Activity in Decerebrate Pigeon: William Sangster, University of 
Illinois (Navy Pier), Chicago. 

Animal Succession in Temporary Ponds: John D. Parsons, Southern Illinois 
University, Carbondale. 

. A New Method for Staining Cells with Cobalt and Bal: Theodore N. Tahmisian, 
Argonne Nationa! Laboratory, Chicago. 

. The Relationship of the Resting Potential of the Frog Eye to the B!ood Sugar 
Level: Allyn E. Gilbert, University of Illinois, Urbana. 
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COLLEGIATE SECTION 


HARRY J. FULLER, Coordinator 
University of Illinois, Urbana 


JANE MARTIN, Chairman 
Monmouth College, Monmouth 


. An Alternative Separation of Copper and Cadmium Ions in Qualitative In- 


organic Analysis: Ralph Medhurst, Monmouth College, Monmouth. 


. The Preparation and Purification of 3, 4-Dibromotoluene and Their Reaction 


with One Mole of Magnesium in the Grignard Reagent: John R. Dyer, North- 
western University, Evanston. 


. Studies on Acephaline Gregarines of Lumbricus Terrestris: Thomas C. Hart- 


ney, Loyo!a University, Chicago. 


. Automorphisms of a Cyclic Group: Virginia Tyler, Rockford College, Rockford. 
. Refractive Index versus Concentration Curves for Aluminum and Magnesium, 


Chloride and Bromide: James L. Baldwin, Eastern Illinois State College, 
Charleston. 


. Size and Pattern Variations in Plethodon cinereus from the Indiana Dunes: 


Edward Kos, Loyola University, Chicago. 


. Iodine Inhibition of Photochemical Reactions: Robert Martin, Northwestern 


University, Evanston. 


. The Preparation of Some Dialkyl Hydroquinones: John Cessna, Augustana 


College, Rock Island. 


. Antobiotics as Bacteriostatic Agents for the Cultivation of Cestodes in Vitro: 


Janet Boles, Monmouth College, Monmouth. 


. Location of Colorless Compounds on a Resolved Chromatogram: Peter Lykos, 


Northwestern University, Evanston. 


. Study of Cicatrization in Plant Tissues: Dolores Bresingham, Mundelein 


College, Chicago. 


. Comparative Study of the Structure of the Nuclei of Some Volvocales: Marilyn 


Tucker, Mundelein College, Chicago. 


. Student Chemistry Research Program at Mundelein College: Joan Haninger, 


Mundelein College, Chicago. 


. Observations on the Effect of Magnesium Ion in the Blood of the Golden 


Hamster: Edward Shinn, Quincy College, Quincy. 


. Botanical Survey of the Campus of Western Illinois State College: Norman C. 


Place, Western Illinois State College, Macomb. 


. Separation of Crystalline Materials from Burdock and Plantain by Chromato- 


graphy and Tests for Their Antibacterial Properties: Celine Paul and Lor- 
raine Sporar, College of St. Francis, Joliet. 
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BOTANY 


THE LIGNEOUS FLORA OF RICHLAND COUNTY, ILL., 
BY ROBERT RIDGWAY 


(AN UNPUBLISHED MANUSCRIPT) 
GEORGE D. FULLER 


Illinois State Museum and 
The University of Chicago 


When the home of the late Robert 
Ridgway, known as ‘‘Bird Haven,”’ 
at Olney, Illinois, passed into the 
control of the Departments of Bot- 
any and Zoology of the University of 


Chicago and became a Nature Sanc- - 


tuary, portions of the library of this 
distinguished scientist were stored 
in the Botany Building of the Uni- 
versity of Chicago. Among other 
old manuscripts there was found one 
having the above title, and upon ex- 
amination it was found to have been 
written by Mr. Ridgway during the 
last years of his life and for which 
he had not succeeded in finding a 
publisher. 

In 1927, an abstract of this manu- 
script was presented at a meeting of 
the Illinois State Academy held at 
Joliet (Ridgway, R., The ligneous 
flora of Richland Cé., Ill., Trans. Il. 
State Acad. Sei. 20: 105-115, 1928) 
but the unpublished portions of the 
article contained so many details 
concerning the distribution of the 
different plant species in the county 
that it seemed important to preserve 
these details for the students of the 
flora of Illinois. There were three 
typewritten copies of the manu- 


script, in different stages of revision, 
and it seemed wise to deposit the 
three copies where they could be ex- 
amined by botanists interested in the 
flora of Illinois. The institutions 
that were selected as the depositories 
of the manuscripts were the Illinois 
State Museum, Springfield ; the Her- 
barium of the Department of Bot- 
any, the University of Illinois, 
Urbana; and the Chicago Natural 
History Museum, Chicago. , 

The best of the manuscripts, the 
only one with plates of photos of 
trees, has been accepted by the Di- 
rector of the Illinois State Museum 
who has had it bound and placed in 
the library of the Museum. It con- 
tains 133 typewritten pages and 43 
plates (photographs). It has many 
handwritten notes by the author and 
it contains copies of letters concern- 
ing Mr. Ridgway’s correspondence 
in his efforts to get a publisher. 

The other copies have been accept- 
ed by the curators of the herbaria 
of the University of Illinois and of 
the Chicago Natural History Mu- 
seum and have been placed on file 
where they may be consulted by in- 
terested botanists. 
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REPORT ON THE CARR AND DANIELS COLLECTIONS 
OF FOSSIL PLANTS FROM MAZON CREEK 


WILSON N. STEWART 
University of Illinois, Urbana 





The Natural History Museum of 
the University of Illinois' has had 
since 1920, two collections of fossil 
plants made up almost entirely of 
specimens from the now famous 
Mazon Creek area near Morris, IIli- 
nois. The collectors, L. E. Daniels 
and J. C. Carr, both resided in Mor- 
ris, Illinois, when making their re- 
spective collections. 

From the time these collections 
were procured by the University, the 
majority of the specimens remained 
in storage and for the most part in- 
accessible for study. At one time, 
part of the Daniels collection was in- 
vestigated by A. C. Noé (1925) who 
published photographs of several 
“specimens. 

In order to make the material in 
the Carr and Daniels collections 
available for further study all speci- 
mens which were well enough pre- 
served were identified and cata- 
logued. The identification of speci- 
mens was done by comparing them 
with those previously figured and 
deseribed by Zeiller (1888), White 
(1899), Noé (1925), Hirmer (1927), 
Bell (1938, 1944), and Janssen 
(1939, 1941). The generic and spe- 
cific names were checked with those 
listed by Jongmans (1913-37). 

The first extensive studies of the 
fossil flora of the Mazon Creek local- 
ity were by Lesquereux (1866, 1870). 
The results of his studies were later 
incorporated in a comprehensive ac- 


1The author wishes to thank Professor D. F. 
Hoffmeister, Curator of the Natural History Mu- 
seum, for making the Carr and Daniels collections 
available for study. 


count of the fossil plants of the 
American Carboniferous (1879, 
1880). In a series of brief reports, 
White, while a member of the Illinois 
State Geological Survey, mentioned 
the occurrence of several genera of 
fossil plants from Mazon Creek. His 
observations on the fossil flora of the 
Pennsylvanian of Illinois resulted 
in the subdivision of this system into 
the Pottsville, Carbondale, and Me- 
Leansboro groups. Lesquereux’s 
nomenclature (1866, 1870, 1879, 
1880) was revised by Noé (1925), 
with more recent revisions of the 
fossil flora of Northern Illinois by 
Janssen (1939, 1941). 


THE COLLECTIONS 


The majority of the specimens are 
ironstone concretions with only a 
few compressions on shale and stem 
casts. Geographically, the Mazon 
Creek fossils are still to be found 
along the so-called Ox Bow of the 
Mazon River, 6 to 634 miles south- 
east of Morris extending from NE. 
4 sec. 24 to NE. 4 see. 25, T. 32 N., 
R. 7 E. Stratigraphically the con- 
eretions, when found in place, lie in 
the Francis Creek shale just above 
No. 2 coal of the Lower Carbondale 
group. 

Because of the fragmentary na- 
ture of fossil plant remains the prob- 
lems of their nomenclature and clas- 
sification are more difficult than for 
living plants, where complete speci- 
mens are available. For this rea- 
son paleobotanists are primarily in- 
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Fic. 1.—Cone-bearing branch of Sphenophyllum cuneifolium. 

Fic. 2.—Pinna of Pecopteris (Ptychocorpus) unita showing fertile and sterile 
aspect of a pinnule. 

Fic. 3.—Monolete spores of Codonotheca caduca in the matrix of a concretion. 

Fic. 4—Pinna of Crossotheca sagittata with fertile pinnules intercalary in 
position, 
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terested in those specimens which 
bear reproductive parts and thus 
indicate something of the natural 
affinities of the fossil plants. In the 
Carr and Daniels collections there 
are many fertile specimens of lycop- 
sids, sphenopsids, and pteropsids. 
Figures 1-4 show some of the fructifi- 
cations (see explanation of figures 
for more complete descriptions) 
which still contain spores within 
their sporangia (fig. 3). As is true 
of all fossil plant remains collected 
from the Mazon Creek locality, the 
majority is sterile leaf material of 
the genera Pecopteris and Neurop- 
teris. Many of these sterile leaf 
fragments are large enough to show 
something of the high degree of 
polymorphism within a frond. A 
eritical examination of this material, 
not undertaken here, may show that 
a number of species currently recog- 
nized as distinct can be grouped in 
only a few species. 

Of the total number of specimens 
44018) in the two collections, 758 
belong to the Daniels collection and 
3260 to the Carr collection. The 
combined collections have 103 dif- 
ferent species belonging to 51 genera. 


List of Genera and Species 


(Number of specimens in Carr and 
Daniels Collections given in 
parenthesis) 
Phylum—Tracheophyta 
Subphylum—Lycopsida 
Order—Lepidodendrales 
Genera and species: 
Bothrodendron sp? Lindley and Hutton 
(1) 
Halonia sp? Lindley and Hutton (1) 
Knorria sp? Sternberg (1) 
Lepidodendron Sternberg (9) 
. aculeatum Sternberg (9) 
dichotomum Sternberg (1) 
. lanceolatum Lesquereux (4) 
. obovatum Sternberg (25) 
. rigens Lesquereux (5) 
. rimosum Sternberg (2) 
. veltheimi Sternberg (3) 
. wortheni Lesquereux (3) 
Lepidophloios sp? Sternberg (5) 
L. acerosus Kidston (3) 


al soi sel sod sol oi aoe 
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L. luricinus Sternberg (2) 

L. protuberans Lesquereux (1) 

Lepidophyllum longifolium Brongniart 
(5) 


Lepidostrobophyllum sp? Hirmer? (1) 

L. brevifolium (Lesquereux) Hirmer 
(1) 

L. intermedium (Lindley and Hutton) 
Hirmer (3) 

L. lanceolatum (Lindley and Hutton) 
Hirmer (2) 

L. lancifolium (Brongniart) (26) 

L. majus (Brongniart) Hirmer (12) 

L. ovatifolium (Lesquereux) Hirmer 
(45) 

L. triangulare (Zeiller) Hirmer (7) 

Lepidestrobus sp? Brongniart (3) 

L. brevifolium Lesquereux (16) 

L. brownii ? Schimper (1) 

L. hastatus Lesquereux (3) 

L. lancifolium Lesquereux (1) 

L. oblongifolium Lesquereux (6) 

L. triangularis Zeiller (2) 

Sigillaria sp? Brongniart (2) 

Stigmaria ficoides (Sternberg) 
Brongniart (10) 

Syringodendron sp? Sternberg (4) 

Order—Lycopodiales 
Genus and species: 

Lycopodites meeki Lesquereux (16) 

Subphylum—Sphenopsida 
Order—Sphenophyllales 

Genera and species: 

Sphenophyllum cuneifolium® Sternberg 
(1) 

S. emarginatum (Brongniart) Koenig 
(18) 

S. longifolium Germar (2) 

S. majus (Bronn) Bronn (1) 

Order—Equisetales 
Genera and species: 

Annularia sp? Sternberg (8) 

A. radiata (Brongniart) Sternberg 
(127) 

A. sphenophylloides (Zenker) Gutbier 
(32 

A. stellata (Schlotheim) Wood (88) 

Asterophyllites sp? Brongniart (57) 

A. equisetiformis Schlotheim (13) 

A. longifolius (Sternberg) Brongniart 
(7) 

Calamites sp? Schlotheim (16) 

C ramosus Artis (2) 

C. suckowi Brongniart (6) 

Calamostachys sp? Schimper (8) 

C. germanica Weiss (1) 

C. magna Lesquereux (1) 

C. solmsi (Weiss) Weiss (2) 

Macrostachya sp? Schimper (2) 


? Lepidostrobophyllum. Hirmer, M. 1927-— 
Handbuch der Palaobotanik, Munchen und Berlin; 
231. This genus, though a useful one, does not 
meet the requirements of valid publication accord- 
ing to the International Rules. 


* This specimen bears two cones. (See fig. 1.) 
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M. infundibuliformis (Brongniart) 
Schimper (1) 

Pinnularia Lindley and Hutton (4) 

Subphylum—Pteropsida 
Orderst—Filicales and Cycadofilicales 

Genera and species: 

Acitheca polymorpha (Brongniart) 
Schimper (4) 

Alethopteris sp? Sternberg (2) 

A. ambigua Lesquereux (10) 

A. grandini (Brongniart) Goeppert (3) 

A. lonchitica (Schlotheim) Unger (3) 

A. serli (Brongniart) Goeppert (43) 

Alloiopteris sp? Potonié (1) 

Aphlebia sp? Presl (66) 

Callipteridium sullivanti 
Weiss (17) 

Carpolithes sp? Sternberg (4) 

Caulopteris sp? Lindley and Hutton (16) 

Codonotheca caduca Sellards (27) 

Crossotheca sagittata (Lesquereux) 
Zeiller (63) 

Cyclopteris sp? Brongniart (105) 

Dactylotheca sp? Zeiller (2) 

Diplothmema furcatum (Brongniart) 
Stur (5) , 

Eremopteris missouriensis Lesquereux 
(1) 

Holcospermum sp? Nathorst (7) 

Lagenospermum sp? Nathorst (1) 

Linopteris muensteri (Eichwald) 
Potonié (4) 

L. neuropteroides (Gutbier) Potonié 
(2) 

Mariopteris sp? Zeiller (4) 

M. decipiens ? Lesquereux (3) 

M. mazoniana (Lesquereux) White (1) 

M. muricata (Schlotheim) Zeiller (6) 

M. muricata var. nervosa (Schlotheim) 
Zeiller (5) 

M. sphenopteroides (Lesquereux) White 
(11) 


(Lesquereux ) 


Mixoneura sp? Weiss (2) 

M. ovata (Hoffman) Weiss (10) 
Neuropteris sp? Brongniart (23) 
N. clarksoni Lesquereux (20) 

N. crenulata ? Brongniart (2) 
N. fimbriata Lesquereux (1) 

N. flexuosa Sternberg (26) 

N. gigantea Sternberg (8) 

N. heterophylla Brongniart (14) 
N. missouriensis Lesquereux (3) 
N. rarinervis Bunbury (32) 

N. scheuchzeri Hoffman (898) 


*It has long been suspected that many of the 
homosporus fructifications borne on fern-like leaves 
and now assigned to the Filicales may, in reality, 
be the microsporangia of heterosporous members 
of the Cycadofilicales. Furthermore, there are 
many species with fern-like foliage, now assigned 
to artificial (form) genera, the reproductive 
structures of which are unknown. For these rea- 
sons it is impossible, in most cases, to ussign a 
species with any degree of certainty to cither the 
Filicales or Cycadofilicales. Thus, it is necessary 
to group these two orders. 
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N. ee (Schlotheim) Sternberg 
(26) 

N. plicata Sternberg (9) 

Odontopteris sp? Brongniart (17) 

O. aequalis Lesquereux (8) 

O. brardleyi ? Lesquereux (1) 

O. schlotheimi Brongniart (2) 

O. subcuneata Bunbury (5) 

O. wortheni Lesquereux (8) 

Oligocarpia sp? Geoppert (1) 

Pachytesta sp? Brongniart (3) 

Pecopteris sp? Brongniart (24) 

P. (Asterotheca) abbreviata Brongniart 
(53) 

P. (Asterotheca) arborescens 
(Brongniart) Sternberg (214) 

P. (Asterotheca) candolleana 
Brongniart (3) 

P. cisti Brongniart (7) 

P. clintoni Lesquereux (7) 

P. (Asterotheca) crenulata Brongniart 
(13) 

P. (Asterotheca) hemitelioides 
Brongniart (4) 

P. (Asterotheca) miltoni (Artis) 
Brongniart (651) 

P. obliqua Brongniart (5) 

P. (Asterotheca) oreopterida 
Schlotheim (26) 

P. (Senftenbergia) pennaeformis 
(Brongniart) Sternberg (3) 

P. (Dicksonites) pluckeneti 
(Schlotheim) Brongniart (59) 

P. (Dactylotheca) plumosa (Artis) 
Brongniart (6) 

P. pseudovestita White (22) 

P. (Asterotheca) serpillifolia 
Lesquereux (33) 

P. (Asterotheca) squamosa Lesquereux 
(19) 

P. (Dactylotheca) sturi ? Sterzel (1) 

P. (Ptychocarpus) unita Brongniart 
(545) 

Schopfia sp? Janssen (1) 

Sphenopteris sp? Brongniart (11) 

S. artemisaefoloides Crépin (23) 

8S. (Oligocarpia) brongniarti (Zeiller) 
Stur (2) 

S. (Renaultia) chaerophylloides 
(Brongniart) Presl (16) 

S. (Renaultia) gracilis (Brongniart) 
Presl (6) 

S. mixta Schimper (2) 

S. obtusiloba Brongniart (6) 

S. spiniformis Kidston (4) 

S. subcrenulata ? Lesquereux (1) 

Spiropteris sp? Schimper (13) 

Sporangites accuminata ? Dawson (1) 

Trigonocarpus sp? Brongniart (10) 


Order—Cordaitales 

Cordaianthus sp? Grand fury (9) 

Cordaicarpus sp? Geinitz (1) 

Cordaites grandifolius Lesquereux (2) 
Undetermined specimens (61) 
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MICROSCOPIC ANATOMY OF THE WOOD OF 
THREE SPECIES OF JUNIPERS 


MARGARET KAEISER 
Southern Illinois University, Carbondale 


An attempt has been made to seek 
criteria for separating three Ameri- 
can species of junipers on the basis 
of the microscopic structure of their 
wood. Peirce (4) has a key to 
genera of the Cupressaceae. Phillips 
(5) has described the microscopic 
wood anatomy of certain members of 
the genus Juniperus and has separ- 
ated J. virginiana L. and J. lucayana 


Britt. from J. procera Hochst. (an ° 


East African form) on the basis of 
thin horizontal walls in the ray cells 
in the last named species (figs. 1, 5). 
J. virginiana L. and J. lucayana 
Britt. both were noted to have nodu- 
lar thickenings on the vertical end 
valls of the ray cells (as shown for 
J. monosperma (Engelm.) Sarg., fig. 
4), and in this respect are unlike 
any other species of conifer that he 
reported except Libocedrus decur- 
rens Torr. J. virginiana L. is then 
separated from L. decurrens Torr. on 
the basis of the presence, in the 
former species, of intercellular 
spaces at the corners of the tracheids 
as observed in traverse section (fig. 
7). He noted also that the cross- 
field pits are generally larger and 
are more regularly arranged in J. 
virginiana L. and J. lucayana Britt. 
than in Libocedrus. 

Phillips also lists abundant wood 
parenchyma (relatively abundant 
for conifers), the presence of nodu- 
lar thickenings on the transverse 
walls of parenchyma eells (fig. 6), 
and the cupressoid cross-field pits 
(fig. 4, 5, 6, 10) as characters serv- 


ing to delimit the three junipers he 
reported from most other conifer 
woods. All three species reported by 
him have the typical ‘‘cedar-like’’ 
odor of pencils. 

The writer has used J. virginiana 
L.; J. Ashei Buchh.; young (3-5 
year old) twigs of hybrids of J. vir- 
giniana Li. X J. Ashei Buchh.; J. 
monosperma (Engelm.) Sarg.; and 
J. procera Hochst. for comparative 
purposes. Wood samples were pre- 
pared in the usual manner (6) and 
sections were cut 20-30 microns 
thick. Macerated wood was pre- 
pared in Jeffrey’s Solution. 

Acknowledgment is made to the? 
following people for assistance in * 
providing materials: To Dr. B. 
Francis Kukachka, U. S. Forest 
Products Laboratory, Madison, Wis- 
consin, for J. virginiana L., from 
Linn, Florida; J. Ashei Buchh., 
from Austin, Texas; and J. mono- 
sperma (Engelm.) Sarg., from Ari- 
zona. Dr. Marion T. Hall, Henry 
Shaw School of Botany, Washington 
University, St. Louis, provided the 
hybrid J. virginiana L. X J. Ashei 
Buchh. which was collected on Me- 
Vey Knob in Ozark County, Mis- 
souri, the most eastern known distri- 
bution of J. Ashei Buchh. Mr. Mil- 
ton Seott of Miami, Florida, fur- 
nished the J. procera Hochst., from 
the U.S. Plant Introduction Garden. 
The Metasequoia glyptostroboides 
Hu and Cheng wood specimen was 
collected by Dr. Ralph W. Chaney 
from the Hupeh Province of China 
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and presented to Mr. O. A. Oakes of 
Wilmette, Illinois, from. whom the 
writer procured a sample. It is used 
to illustrate the taxodioid iype of 
eross-field pitting, as is also the 
Podocarpus Comptonii Buchh. that 
was collected by Dr. John T. Buch- 
holz on Mt. Mou, New Caledonia 
(figs. 11, 12). 

Local collections provided maie- 
rial for Pinus sp. and Picea polita 
(Sieb. and Zuee.) Carr. Figure 8 
shows the large window-like pit 
found in certain of the pines, besides 
small pits of the pinoid type. Fig- 
ure 9 shows the piceoid type of cross- 
field pit. 

Table 1 summarizes the data for 
the species analyzed (1). The tra- 
cheid study from early wood dis- 
closed the ‘‘very thin’’ wall charac- 
ter. The size of cross-field pit aper- 
tures, on a basis of ten random 
measurements, showed somewhat 
smaller sizes, on the average, in J. 
Ashei Buchh. and J. monosperma 
{Engelm.) Sarg. than in J. virgin- 
tana L. or J. procera Hochst. All 
were of the cupressoid type, although 
there have been reported occasional 
ones of the taxodioid type (5) (figs. 
11, 12). Small tangential bordered 
pits were noted in all species though 
only rarely. Tangential pits are rare 
in early (spring) wood of conifers 
(3). 

Tracheid length measurements 
from random counts of macerated 
wood were made of 100 tracheids 
for each species. The table gives 
means with their standard errors 
and standard deviations with their 
standard errors. Statistical treat- 
ment to measure the significance of 
the difference between means (2) 
iLe., the square root of the sum of 
the squares of the two standard er- 
rors of the means, was undertaken 
to compare the species with one an- 


other. This root is the standard 
error of the difference between the 
two means. In every case the dif- 
ference between the means exceeded 
twice the root and is, therefore, to be 
regarded as significant. The hybrid 
was treated similarly and again 
showed significant difference from 
the parent types, as well as the other 
two species. However, the samples 
were of young wood only, the foliage 
of which was more like J. Ashei 
Buchh. than J. virginiana L. Fur- 
ther work is needed on mature wood. 
Tracheid length was greatest in J. 
virginiana L., with J. Asheit Buchh. 
and J. monosperma (Engelm.) Sarg. 
in descending order. There was less 
difference in tracheid length between 
the last two named species than when 
compared to J. virginiana L.  AI- 
though J. virginiana L. and J. Ashei 
Buchh. hybridize easily, J. virgim- 
ana L. belongs to the polyspermous 
complex whereas J. Asheit Buchh. 
and J. monosperma (Engelm.) Sarg. 
both belong to the monospermous 
complex. 

Intercellular spaces between tra- 
cheids were present in all species 
(fig. 7). 

Except for J. procera Hochst. 
(fig. 5) the horizontal walls of the 
ray parenchyma are as thick, or 
nearly as thick, as the tracheid walls 
in early wood cross-field views (figs. 
1, 2, 3, 4, 6). The end walls are 
nodular in all species except J. pro- 
cera Hochst. (figs. 4, 5). Primary 
pit-fields occur in the horizontal 
walls of all species studied (figs. 1, 2, 
3, 4, 5), and indentures are also con- 
sistently present (figs. 4, 5). 

Xylem parenchyma is more abun- 
dant than five cells per square milli- 
meter under magnification of X50 
or more and is indicated as ‘‘ Abun- 
dant for Conifers’’ for all species 
(5). It is present in all forms re- 








aa vee ay a 


ae 





|. Juniperus virginicno 


Illinois Academy of Science Transactions 


2. J. monosperma 





5. J. procera 


Ene 
Bis 


10. J. virginiana XJ Ashei 


ee, Te 











7. J. virginiana 


3. J. Ashei 








@ 


4. J. monosperma 


a 


SS, 


8. Pinus sp. 











3 





Tg 


Metasequoia glyptostroboides 12. Podocarpus Comptonii 


Fieures 1 To 12 


. From radial section of wood show- 


ing cross-field pits of Juniperus vir- 
giniana L. of cupressoid type; pri- 
mary pitfields in horizontal walls of 
ray parenchyma cells. 

Same for J. monosperma (Engelm.) 
Sarg. 


. Same for J. Ashei Buchh. 


Same for J. monosperma (Engelm.) 
Sarg.; also showing nodular walls of 
ray parenchyma cells and inden- 
tures. 


. From radial section of wood of J. 


procera Hochst. showing smooth end 
walls of ray parenchyma cells and 
indentures. 


. From tangential view of wood par- 


enchyma cells of J. virginiana L. 
showing nodules on transverse walls 
and primary pitfields on vertical 
walls, 


7. 


From transverse section of early 
wood of J. virginiana L. showing 
intercellular spaces. 

From radial section of early wood 
of Pinus sp. to show large window- 
like or primary pitfield. 

From radial section of early wood 
of Picea polita (Sieb. and Zucc.) 
Carr. to show piceoid type of cross- 
field pits. 

From radial section of early wood 
of J. virginiana L. X J. Ashei Buchh. 
to show cupressoid type of cross 
field pits. 


. From radial section of early wood of 


Metasequoia glyptostroboides Hu 
and Cheng to show taxodioid type 
of cross-field pits. 

From radial section of early wood 
of Podocarpus Comptonii Buchh. 
to show taxodioid type of cross 
field pits. 
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ported. Primary pit-fields were 
noted in the vertical walls, and trans- 
verse (end) walls were nodular in all 
species as observed in tangential sec- 
tions (fig. 6). No consistent zona- 
tion was noted although tendencies 
from sporadic to a type of zona- 
tion about midway in early (spring) 
wood were observed in transverse 
sections. Many more samples need 
to be studied, however, before this 
feature or the variants observed 
could be safely applied. 

Counts were also made of the 
number of cells in the uniseriate rays 
as observed in tangential sections. 
Fifty microscopic field counts at 


X440 were made for each species. 
The most frequent range was five 
cells in height for J. virginiana L., 
three for J. procera Hochst., and two 
for all the others. The total number 
of wood ray cells was higher for 
J. Ashei Buehh. and J. monosperma 
(Engelm.) Sarg. than for J. vir- 
giniana L. The hybrid young wood 
showed the lowest total number of 
ray cells. 

The data presented in table 1 on 
tracheid length and on ray height 
in number of cells would appear to 
support further the criteria used for 
specific taxonomic differences among 
the forms listed. 
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COLCHICINE AS A MUTAGENIC AGENT FOR 
STREPTOMYCES GRISEUS 


ERICH SCHULDT and DAVID GOTTLIEB 


Bacteriology Department and Horticulture Department 
University of Illinois, Urbana 


Several investigators have caused 
mutations in morphology and in 
the ability of Streptomyces griseus 
to produce streptomycin with 
X-rays or ultra-violet light, Waks- 
man and Harris (Proe. Soe. Exptl. 
Biol. Med. 71: 232, 1949), Appleby 
(J. Gen. Microbiol. 2: 80, 1948), 
but use of colchicine as a muta- 
genic agent has not been reported. 
Colchicine is a well known agent 
for producing chromosomal varia- 
tions in higher plants and might in- 
crease either the metabolic fune- 
tions of the Actinomycetes or pro- 
duce other aberrations. The culture 
of Streptomyces griseus used for 
these studies had been maintained 
in our laboratory several years and 
showed no propensity for spontan- 
eous variation. Sterile stock solu- 
tions of colchicine in distilled water 
were kept at 4°C in the dark to 
prevent oxidation to the inactive 
aldehyde and were used within 
three weeks. All studies were ecar- 
ried out using concentrations of 
colchicine ranging from 0.001 to 
5.0 percent. 

Colchicine was toxic to S. griseus 
as shown by the inhibition or 
abnormal germination of spores in 
broth containing the reagent. There 
is a rough, inverse relationship be- 
tween the concentration of colchi- 
eine and the length of the germ 
tube or the amount of secondary 
branching. Washed spores were 
suspended in broth solutions of col- 


chicine and allowed to germinate 
at 28°C for 48 hours. Below 0.05 
percent colchicine, germination was 
normal, greater than 90 percent, 
whereas in concentrations of colchi- 
eine from 0.1 to 1.0 percent there 
was a gradual decrease both in per- 
cent germination and branching of 
the germ tube. The percent germ- 
ination decreased from 80 percent 
in 9.1 pereent colchicine to 40 per- 
cent in 1.0 percent colchicine and 
no rudimentary mycelial mats 
formed at concentrations greater 
than 0.1 percent. The germ tubes 
were progressively shortened in 1.0 
to 4.0 percent colchicine with no 
branching. Above 4 percent colchi- 
cine germination was only 10 per- 
cent and germ tubes were mere stubs. 

Two methods of determining 
changes in the colony morphology 
were used: (1) exposing washed 
spores to the various concentrations 
of the reagent, allowing spores to 
germinate, and then plating them; 
(2) streaking normal spores on 
agar plates containing graded con- 
centrations of colchicine. Three 
types of variation occurred with 
greater frequency than in the con- 
trols. The most frequent variants 
were normal, well-sporulating col- 
onies with a sector of dead-white, 
asporogenous hyphae and some en- 
tirely asporogenous colonies, such 
as have been described by other in- 
vestigators. The second variant 
was a slow growing asporogenous 
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colony which first appeared brown 
and butyrous with sparse aerial 
hypae. After 20 days the aerial 
hypae increased in number and 
length until at the end of 40 days 
the colony resembled the asporo- 
genous variants. To determine 
whether this variant arose only 
after prolonged adsorption of col- 
chicine on the germinating spore, 
the spores were washed in distilled 
water prior to plating them. This 
treatment did not decrease the 


number of such variants. The 
third type was a giant form, 19-25 
mm. in diameter with otherwise 
normal appearance which arose only 
on agar containing 0.002: percent 
None of the abnormal 


colchicine. 


forms were stable and on subse- 
quent transfer all reverted to the 
normal form. 

Attempts to induce physiological 
variants of Streptomyces griseus 
which would produce abnormal 
yields of streptomycin were uni- 
formly unsuccessful. Subcultures 
of normal and variant colonies de- 
veloping from spores exposed to 
0.001 to 5.0 percent colchicine were 
transferred to a corn steep soybean 
and Emerson media in shake flasks. 
The absence of variants with differ- 
ent capacities for producing strep- 
tomyecin indicates that colchicine 
is a less favorable agent for this 
purpose than X-rays or ultra-violet 
light. 
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A SIMPLIFIED PLANKTON COUNTING METHOD 


KENNETH E. DAMANN 
Eastern Illinois State College, Charleston 


The microscopic assemblage of 
life in lakes, ponds, streams and 
rivers, which is made up of both 
plant and animal forms, is known 
collectively as plankton. In 1882 
Hensen was one of the first to at- 
tempt the study of these organisms 
quantitatively. His investigations 
were conducted on the Baltic and 
North seas with nets of various mesh 
sizes. It was soon found that even 
the finest meshed nets allowed many 
organisms to pass directly through. 

Sedgwick (1888) and Rafter 
(1888), recognizing the inadequacy 
of the plankton net, both deseribed 
methods of examining water mi- 
eroscopically - after concentrating 
by filtration through sand support- 
ed on a bolting silk disk. This 
method has become known as the 
Sedgwick-Rafter method and is 
still widely used today. 

In 1911 the extensive limnologi- 
eal program of Birge and Juday was 
started on the Wisconsin lakes and 
demanded a still more efficient and 
practical field plankton sampler. 
There evolved a portable centri- 
fuge which is now known as the 
Foerst electric centrifuge. This 
instrument has been in use for more 
than thirty years and is recognized 
by the American Public Health 
Association, along with the Sedg- 
wick-Rafter method, as the stand- 
ard procedures for the examination 
of water and sewage (1946). 

Several other devices or modi- 
fications, such as the Kofoid filter, 
the Juday plankton trap, the 





Clarke and Bumpus quantitative 
net sampler, have been developed 
and are in use. However, all re- 
quire a considerable financial in- 
vestment in equipment and supplies 
in addition to the microscope, 
which is the most fundamental. As 
a result, many may not have at- 
tempted quantitative work on the 
plankton because of the lack of 
what appears to be essential equip- 
ment. The writer believes that 
anyone possessing a microscope and 
an interest in the plankton is in a 
position to carry on a quantitative 
study of these organisms. This 
paper has been prepared with the 
beginner in mind and is not neces- 
sarily directed to the specialist in 
the field of biological productivity. 

That it might be possible to secure 
reliable quantitative data quickly 
and without employing expensive 
equipment was first suggested by 
Baylis (1922) in a study of the 
microorganisms in the Baltimore 
water supply. In 1929, Baylis and 
Gerstein presented comparative 
counts made by the Sedgwick-Raf- 
ter and the Baylis direct count on 
the plankton in the Chicago water 
supply. The data indicated to the 
writer that the method deserved 
further consideration. Thus, while 
an employee of the City of Chicago 
working with both Baylis and Gers- 
tein, routine plankton determina- 
tions were made with the Sedg- 
wick-Rafter method, the Foerst 
centrifuge, and the direct count on 
an experimental basis. 
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TABLE 1 
Calculated No. of Percent Calculated No. of Percent 
Order of Counts | Organisms per ml | Deviation | Organisms per ml | Deviation 
from 10 areas from mean from 50 areas from mean 
SERED ea es, 212 1633 7 1962 8 
Be eur ss eas 2566 46 1555 15 
Baka eye seas 1541 12 1700 7 
er ae ak ere 1908 9 1695 7 
Dities corer e eee 2141 22 1805 1 
Bis say eee ae 1458 17 1927 6 
Re RR aS 1958 12 | 1860 2 
RR Aes: 991 es 1992 9 
et 5 Bene 1933 10 | 1827 0.3 
PR ee ie Ne 1416 | 19 1899 4 
Mean........ 1755 | 20 | 1822 6 














Direct Count Metuop 
As the name implies, the direct 


count method does not require any 


concentration or special treatment 
of the water sample. A Sedgwick- 
Rafter counting cell or an impro- 
vised cell cut from an old piece of 
a tire inner tube and cemented to 
a glass slide serves the purpose very 
well. The usual inside dimensions 
of the Sedgwick-Rafter cell are 50 
by 20 mm but for the direct count 
it is desirable to increase the area 
to at least 50 by 40 mm, which 
means doubling the volume ordi- 
narily observed. Baylis recommends 
a 5 ml or even a 10 ml cell for mak- 
ing a rapid survey court in which 
the crustacean or,larger organism 
population is established. 

It should be noted that not even 
the Whipple ocular micrometer is 
required for the direct count, for 
instead of counting individual 
fields the whole length of the cell 
is traversed and the organisms en- 
countered are enumerated. A mini- 
mum of 100 sq mm or two traverses 
of the 50 mm counting cell are 
recommended. Four strip counts 
across a 2 ml eell will increase the 
accuracy of the method. It is even 
more desirable to count 100 sq mm 


in two different 1 ml portions of the 
original common sample, and such 
practice should be encouraged. The 
time required to perform these 
strip counts is still less than it 
takes to prepare the samples and 
determine the count by either the 
sand filtration or the centrifuge 
methods. 

The factor used for converting @ 
concentrated sample count into ac+ 
tual numbers of organisms per ml 
is determined as follows: 


No. of fields M1. of final 
inalmlcount- concentrate 

ing cell 1 mm et Soeeeieareenrnes The 
deep Ml. of water’ Factor 
—————————-____ concen- 

No. of fields trated 

examined 


For the direct count, all that is 
necessary is to know the area covered 
by the ocular, the number of fields 
in the counting cell, and the number 
of fields examined. Thus, 

No. of fields in 





the counting cell The 

= Factor 
No. of fields 
examined 


Assuming that you have a one ml 
Sedgwick-Rafter counting cell (50 
x 20 mm) and that you are using a 
10 X ocular calibrated so that one 
field is equivalent to 1 square mil- 
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limeter, you would then have 1000 
ocular fields in the total area of the 
counting cell. Therefore, if you 
counted 100 fields the factor would 
be 

1000 

—— = 10 or the Factor 

100 

If your check sheet shows a total 

of 67 organisms encountered in tra- 
versing 100 fields, the total number 
of organisms per ml of original 
water would be 670. Varying the 
size of the counting cell or the rum- 
ber of fields counted would only 
alter the mathematies involved. It 
is strongly recommended that the 
factor be maintained below 10, pref- 
erably at 5 or less. It could be ac- 
complished in the example by simply 
counting 200 instead of 100 fields. 


PRECISION OF CouNTING METHODS 


The variation in successive counts 
in the same cell is considerable, even 
With the standard or approved 
methods, e.g. Sedgwick-Rafter and 
Foerst centrifuge. Littleford, et al. 
(1940) reported variations (table 1) 
on ten successive Sedgwick-Rafter 
eoncentrated counts when varying 
the areas or fields examined from 10 
to 50. 

It should be noted that the mean 
percent deviation in the ten individ- 
ual counts from a concentrated sam- 
ple, when 10 areas were counted, was 
approximately 20 percent with a 
maximum of 46 percent. By in- 
creasing the fields counted from 
10 to 50, the mean percent deviation 
was decreased to approximately 6 
percent. 

At a rather low population den- 
sity, the variation in a series of ten 
individual direct counts on the same 
one ml quantity of water determined 
by traversing 100 fields for each 
count was as follows: 











TABLE 2 
Calculated No. Percent 

Order of} of organisms Deviation 
Counts per ml from the mean 

Bei ces 550 12 

Pere 410 36 

Ba deus 470 26 

Bisses 960 51 

Bice 790 24 

Ga 580 9 

Tihkesd 670 5 

Ss. vies 530 17 
Wises 820 29 
Mes «cs 580 9 
Mean.. 636 22 

















The mean percent deviation was 
found to be 22 with a maximum of 
51 percent as a possible variation 
in the ten counts. 

With a relative high population 
density (8000 per ml), ten strip 
counts across a 50 mm counting cell 
showed the following variation in 
actual number of organisms encoun- 
tered : 











TABLE 3 
No. 
of Organisms Percent 
Order of | encountered Deviation 
Counts in 50 mm from the mean 
RES ee 333 17 
, RTE 428 7 
> ES 385 4 
Chee ae 439 10 
See pe 383 4 
REN 429 7 
 SSaaR 481 | 20 
Bey isa 415 3 
| PE ee 378 6 
pee 341 | 15 
Mean.... 401 9 
| 








The fact that with a standard 
method it is possible to get as much 
as a 46 percent deviation from the 
mean in its least accurate range 
would seem to indicate that the 
direct count with a 51 percent devi- 
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TABLE 4—COMPARISON OF PLANKTON CouNTS OF LAKE MICHIGAN WATER MADE BY THE 
Direct COUNT AND THE Forerst CENTRIFUGE METHODS AT CHICAGO, ILLINOIS, 
DuRING SEPTEMBER, OCTOBER, AND NOVEMBER, 1946. 

















Average Number of 
Plankton per ml Percent 
No. of Deviation 
Month Samples Difference | from the 
Direct Foerst centrifuge 
count centrifuge 
September............ 50 841 810 31 4 
CC EEE Ce 29 974 916 58 6 
November............ 29 1268 1179 89 8 
SRE. + Asus Skis 36 1029 972 57 6 




















ation in its least accurate range 
might bear consideration and ex- 
perimentation. 


Direct Count vs. Forerst 
CENTRIFUGE 


The first series of comparative 
counts was made on Lake Michigan 
water during September, October, 
and November of 1946. A total of 
108 samples was examined for plank- 
ton organisms by both the direct 
count and the Foerst centrifuge 
methods. An approximately one 
liter lake water sample was collected 
and one ml was removed and immedi- 
ately examined by the direct count. 
Organisms occurring in 100 fields 
were enumerated, As the control, 
one liter of the sample was concen- 
trated to 10 ml by the Foerst cen- 
trifuge. One ml of the concentrate 
was then placed in the counting cell 
and the organisms in ten fields were 
enumerated. It is recognized that 
ten observations are usually consid- 
ered the minimum when examining 
a concentrated sample and that the 
accuracy of the count can be in- 
creased by counting more fields. 
However, 100 fields are likewise con- 
sidered the minimum allowable for 
the direct count; therefore, both 


methods were operating in their 
least accurate range. 


The results show (table 4) that the 
direct count yielded a slightly higher 
mean for each month of the study. 
The percent deviation of the direct 
count from the centrifuge results 
increased with the population den- 
sity from 4 to 8 percent. The direct 
counts show a mean deviation from 
the centrifuge results of only 6 per- 
cent during the entire three months 
of the study. It should be empha- 
sized that this difference is the same 
as found for the Sedgwick-Rafter 
method when ten successive counts 
of 50 areas each were made on the 
same 1 ml of sample (Littleford, 
1940). 


DaILy FLUCTUATIONS IN 
PLANKTON POPULATIONS 


Monthly averages as expressed in 
table 4 might leave the impression 
that the direct count always yielded 
higher counts than the Foerst cen- 
trifuge. Such is not the case. A cas 
ual observance of the daily counts 
found by each method (table 5) 
reveals what appears to be consid- 
erable variation from day to day and 
likewise between methods. 
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The problem of marked fluctua- 
tions in quantity of plankton from 
day to day is not new. It is evident 
in the data presented in most papers 
on biological productivity. It has 
been recognized that some of the 
difference is justifiably due to the 
precision of the method used. How- 
ever, the marked similarities of the 
two curves representing population 
densities by two different methods 
seem to indicate that the organisms 
fluctuate much more than the meth- 
ods of counting employed (fig. 1). 
If trends in population densities 
are the significant points to note, 
then it would appear that either the 
Foerst centrifuge or the direct count 
would serve the purpose equally 
well. 


SAMPLE COLLECTING 


Verduin (in press) has recog- 
nized the inadequacy of the ‘‘station 
method’’ of sampling in Lake Erie 
Because of the -marked fluctuations 
in the daily counts. He has reeom- 
mended the use of mobile collecting 
points which are traversed by boat 
over rather extensive areas of the 
lake. By so doing, the migration of 
the plankton populations can be fol- 
lowed and significance is then at- 
tached to the marked day-to-day 
fluctuations at any station. 

If one were so fortunate as to 
have unlimited funds, the ideal 
method of sampling a lake or large 
body of water regularly would be 
by helicopter. Little time would be 
lost in moving from point to point 
and thus an even more accurate 
representation of plankton popula- 
tion waves or accumulations in spe- 
cific areas could be established. 

It seems quite evident that the 
method of collecting the sample for 
examination is probably more im- 
portant than the selection of a meth- 


TABLE 5.—COMPARISON OF PLANKTON 
Counts oF LAKE MICHIGAN WATER 
MADE BY THE Direct FieLtp Count 
AND THE Forrst CENTRIFUGE 
METHODS AT CHICAGO, 
Ituinois, DuriInG 











Ocroser, 1946. 

Date Direct Centrifuged 
10-1-46....... 1455 996 
10-2-46....... 2305 1444 
10-3-46....... 1865 984 
10-4-46....... 600 874 
10-5-46....... 580 796 
10-6-46....... 625 532 
10-7-46....... 395 390 
10-8-46....... 1405 1380 
10-9-46....... 1110 1384 
10-10-46...... 1265 936 
10-11-46...... 595 638 
10-12-46...... 515 534 
10-13-46... ... 620 698 
10-14-46...... 530 620 
10-15-46. ..... 1060 1014 
10-16-46... ... 680 554 
10-17-46... ... 1130 1160 
10-20-46. ..... 755 956 
10-21-46... ... 1185 1108 
10-22-46...... 1190 1342 
10-23-46... ... 1450 1090 
10-24-46... ... 1265 844 
10-25-46... ... 1345 934 
10-26-46... ... 785 690 
10-27-46...... 470 690 
10-28-46... ... 620 948 
10-29-46... ... 1040 1272 
10-30-46... ... 360 814 
10-31-46... ... 1060 928 

Total 28260 26550 
) reer 974 916 














od of counting, if we are to smooth 
out the daily fluctuations so often 
reported in plankton studies. 


Direct Count vs. SEDGWICK- 
Rarrer Metuop 


Beginning March 17, 1947, and 
continuing through April 15, 1947, 
plankton samples were collected 
daily from the raw Lake Michigan 
water, the chemically treated water, 
the settled or filtered water and from 
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TABLE 6.—Drrect CouNT AND SEDGWICK-RAFTER METHOD COUNT ON WATER OF VARYING 
POPULATION DENSITIES IN THE SOUTH DistTRICT FILTRATION PLANT OF CHICAGO FROM 
Makcu 17, THROUGH APRIL 15, 1947. 
































































| Average Plankton No. per ml 
| Sampling 
Kind of Water | days | l Difference 
| Direct Sedgwick-Rafter 
| | “a 
Raw water (untreated)......... 30 614 414 200 
Chemically treated.............| 30 97 35 62 
Settled (filtered)............... 30 | 11 3 8 
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Fic. 1. Comparative plankton counts made by the Foerst centrifuge and the ti 


direct count methods on untreated or raw Lake Michigan water during October 
1946. 
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Fic. 2. Comparative plankton counts made by the Sedgwick-Rafter and the 
direct count methods on water of three different population densities. 


Raw—Untreated Lake Michigan water. 


Treated—Chemically treated and partially settled water. 


Settled—Settled and filtered water. 


Outlet—Mixture of treated and settled water. 


the outlet water of the Chicago fil- 
tration plant. Both the direct count 
and the Sedgwick-Rafter methods 
were used on the same common sam- 
ple. By using the raw, treated, and 
settled water, the two methods were 
compared at three quite different 
population densities. The outlet 
water during the study -was a mix- 
ture of treated and settled water. 

The direct count yielded a con- 


siderably higher average plankton 
number in all of the population den- 
sities (table 6). Yet both curves 
(fig. 2) followed the same general 
trend. Which method is nearer to 
the actual number of organisms 
present is not of greatest concern. 
It is important that both methods 
are consistent. It would appear that 
for a routine record of the efficiency 
of plankton removal in a water 
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plant, the direct count is as 
reliable as the Sedgwick-Rafter meth- 
od and is much less time-consuming. 
For taxonomic or qualitative work 
on species, a tow net sample or some 
other means of concentration would 
always be recommended over the 
direct count method. 


SUMMARY 


A simplified method of counting 
plankton organisms by direct ob- 
servation without concentration has 
been described. In routine micros- 
copie examinations over extended 
periods of time, the results by the 
direct count have been compared 
with the Sedgwick-Rafter and the 
Foerst centrifuge methods. 

The data presented seem to indi- 
eate that for simplicity, economy, 


consisteney, and convenience the 
direct count without concentration 
of the sample is highly satisfactory 
and often desired over other more 
involved and expensive methods. 
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UTILIZATION OF SOME ORGANIC ACIDS BY 
STREPTOMYCES GRISEUS FOR STREPTOMYCIN 
PRODUCTION AND GROWTH 


C. V. HUBBARD! anp H. H. THORNBERRY 


Studies on the utilization of some 
organic acids by Streptomyces gri- 
seus (Krainsky ) Waksman and Hen- 
rici, 1943 (33, 35) were undertaken 
te ascertain further information on 
the nutritional capacity of this mi- 
eroorganism in connection with 
streptomycin production. Such 
studies were favored by the avail- 
ability of a synthetic medium for the 
production of streptomycin by this 
organism (28, 31). They also logi- 
eally accompany the previous studies 
on the utilization of some sugars by 
this organism (17) since both glu- 
¢ose and lactate are important car- 
bon constituents of the chemically 
defined medium (28, 31). At the 
time of initiating these studies in 
1946, no reference was found relative 
to this organism utilizing organic 
acids* except malic acid (33). 


METHODS AND MATERIALS 


The chemically defined basal me- 
dium used throughout these studies 
was a modification of the original 
synthetic medium (28) that per- 
mitted the addition of organic acids 
in varied amounts as substitutes for 
the lactic acid. It consisted of the 
following constituents of C. P. and 
Reagent grades: 


1 Research in connection with duate research 
course in Plant Pathology, metabolism of antibiotic 
and plant pathogenic microorganisms. Present 
address, Department of Bacteriology, Rutgers Uni- 
versity, New Brunswick, New Jersey. 

* Referred to as acids rather than sodium salts 
of organic acids for brevity. 











Concentration 
Substance Amount (Final 
Molarity) 
Glucose (Cere- 
ee) ROT 10. g. 0.0550 
ae 2.38 g. 0.0176 
K:HPO,.3H.0 5.65 g. 0.0247 
pIWGhhi sx 2h: 4.00 g. 0.0500 
Mg S0,.7H:0.| 1.00 g. 0.0040 
Zn SO,.7H20 0.0115 g. 0.00004 
Fe S0,.7H:O0 0.0111 g. 0.00004 
Ga fies... 0.0064 g. 0.00004 
Mn Cl.4H.0..} 0.0070 g. 0.00004 
Distilled water| 500 ml. (1000 ml.) 
(H-ion concentjration adju|sted to pH 
7.0+0.1 whe|n necessary}) 














In preparing the complete medium 
for each of the varied amounts of 
organic acids (racemic mixtures of 
the optically active acids), the neces- 
sery amounts of the organic acid in 
aqueous solution neutralized with 
NaOH to pH 7.0 was added to 75 
ml. of the double strength basal 
medium. Distilled water was then 
added to make 150 ml. volume. Fifty 
ml. of this complete medium was 
then placed in 125 ml. Erlenmeyer 
flasks in triplicate and sterilized by 
autoclaving at 121°C. for 15 minutes. 
The organic acids used were those 
readily available. 


The culture of Streptomyces gri- 
seus® used throughout these studies 
was a subculture of Waksman’s 
strain No. 9 from No. 18-16 origi- 


® Letter from S. A. Waksman to H. W. Anderson, 
September 1, 1944, 
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nally obtained from heavily manur- 
ed field soil (26). 


Other items of procedure involved 
the following methods and condi- 
tions : 

(a) The inoculum, consisting of 3 
or 4 drops of suspended fragments 
of mycelium, was applied to the sur- 
face of the medium (17). 

(b) Growth conditions consisted 
of surface stationary culture (air 
surface of 0.5 em?/ml. of medium 
2 em. deep) and 26°C. for 10 days. 

(ce) Growth in 10 days was esti- 
mated qualitatively on an arbitrary 
scale of 0 to 10 and where adequate 
it was determined quantitatively as 
vacuum dried (80°C.) mycelial mat 
weight. 

(d) The pH values were deter- 
mined with a glass electrode Beck- 
man pH meter. 


(e) Streptomycin was determin- 
ed in duplicate assays by the paper 
dise-plate method against Bacillus 
subtilis cultured at 30°C. (19). The 
fermented medium was diluted 1-4 
in 0.1 molar phosphate buffer at pH 
7.8 for the assays. Streptomycin val- 
ues are reported as ‘‘S Units’’ of 
streptomycin per ml. (34). One “‘S 
Unit’’ of streptomycin is approxi- 
mately one microgram of streptomy- 
cin free base (36), 


(f) The effect of the nutritive 
acids on the assay of streptomycin 
was measured by mixing the acids 
individually at 0.1 molal final con- 
centration with solutions of strepto- 
mycin six hours prior to assay in the 
usual procedure. 


(g) The effect of these acids up- 
on growth of the test organism in 
the assay plates was determined by 
applying them individually at 0.1 
molal to the assay dises as in (f) 
above but without streptomycin. 


EXPERIMENTS AND RESULTS 


For a preliminary survey on utili- 
zation, some organic acids were each 
evaluated at 0.05 molal in the basal 
synthetic medium. The results in 
table 1 indicate that some acids are 
not utilized at 0.05 molal. In fact, 
these acids either retard or inhibit 
the growth of Streptomyces griseus. 
These are butyric, a-hydroxy-e-ben- 
zoylamino caproic, monochloroacetie, 
crotonic, glycollic, formic, mandelie, 
oxalic, and tannic acids. Some other 
acids either do not affect the organ- 
ism or affeet it too slightly to yield 
noticeable comparative changes in 
pH, growth, or streptomycin pro- 
duction from the control of basal 
medium. These are tartaric (Na 
and Na and K salts) and tartronie 
acids. Other acids appear to be util- 
ized. These are acetic, adipic, citric, 
glutaric, lactic (control), malic, 
malonic, and succinic acids. 


Those acids that did not noticé 
ably inhibit or retard growth at 0.05 
molal were evaluated over a range 
of concentration. It was thought 
that results from this procedure 
should reveal whether utilization of 
organic acids might be related to 
concentration or to a suitable bal- 
ance of these substances with other 
constituents in the medium. The 
results are given in charts (figs. 1 
to 10) in order to show the relation- 
ship of three responses (pH, growth, 
and streptomycin production) to 
concentration of nutritive acid. 
These responses do not necessarily 
parallel each other or show any con- 
stant relationship with respect to 
either concentration or type of acid. 
The composite results in the charts 
indicate that these acids are utilized 
in some manner and to some extent 
by the organism in its metabolism 
under these conditions. 
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TABLE 1.—UTILIZATION OF ORGANIC ACIDS AT 0.05 MOLAL BY STREPTOMYCES GRISEUS 
IN STATIONARY CULTURE AT 26°C. 














Mat 
Acid p Growth | weight | Streptomycin 
Initial Final | (10 days) | (mg) (units/ml) 
TN SOE ROSES peas ot ate 6.88 7.74 8 274 52 
MMR hrs i 7 Vite pres Son Ghee kt 6.83 6.92 10 323 48 
ES. @ oe ees ee 6.72 6.55 0 aaa 0 
a-hydroxy-e-benzoylamino caproic.| 6.83 6.0 3 20 
Monochloroacetic .............. 6.35 6.3 0 0 
RR a ANS osc Des rs aly eRe oe 6.79 8.25 4 52 
Mo ina oe GS es Sees bce 6.8 6.62 0 0 
RS eS sey ert ee ey 6.78 6.61 3 ey 0 
MES Ae oa ius ots kas Ls 6.85 6.60 10 285 53 
SN og 50 i seco te toes ate cea 6.78 5.8 7 ey 24 
MBE ag 3 ead Pal aw ies 6.75 7.96 10 442 61 
iso os0 say hls Wh Sy Wey oie 6.85 8.5 10 357 63 
EEE IES ite ete eo 7.0 6.82 10 325 37 
BE Pa gees eciis ac ao 6.7 5.95 1 ar 0 
RS pa Sa apt ences eee 6.64 5.38 2 12 
SE SUE WMO sO hes hg a aan’ 6.83 5.84 2 18 
I on SS re Gas ia 3 6.8 6.5 0 0 
artaric Na salt................. 6.94 6.17 9 260 39 
martaric Na K aalt............... 6.7 5.69 8 SS 31 
RE hie Uk twa ack kk 6.82 6.2 Ss 250 36 
ry Gu le A oe) en se 8.40 10 425 83 
NE ois oa os ea eS 6.71 6.25 9 205 46 

















a. Value not determined. 


, Alkalinity of the medium in- all 
cases except for two organic acids 
(tartaric and tartronic acids caus- 
ing only minor changes) increased 
with the increase of nutritive acid 
concentration up to an optimal con- 
centration at about 0.1  molal. 
Growth in all cases was related to 
the nutritive acid concentration. The 
optimal concentration was found to 
be about 0.05 molal for acetic, citric, 
and glutaric; about 0.1 molal for 
adipic, lactic, malic, succinic, tar- 
taric, and tartronic; and about 0.3 
molal for malonie acid. Streptomy- 
cin yields evidenced by the assays 
indicated that the concentration of 
nutritive acid influenced production. 
Only lactic acid supported sizable 
production of streptomycin. Its opti- 
mal concentration was 0.1 molal. 
The effect of these utilizable acids 
upon the growth of the test organism 


in the assay plate is nil. Their effect 
on the assay of streptomycin is prac- 
tically nil. These results, as means 
of six determinations, are summar- 
ized by expressing them as a ratio of 
the size of zones of inhibition from 
streptomycin with acids to that from 
streptomycin alone—‘‘ Acid/Control 
Index.’’ The computed ‘‘ Acid/Con- 
trol Indices’’ for the acids are acetic 
1.02, adipic 1.04, citric 1.02, glutaric 
0.90, lactic 1.01, malie 1.08, malonie 
1.06, succinic 1.04, tartaric 1.00, and 
tartronic 1.05. These indices are 
based upon a mean 17.75 mm. zone 
of inhibition for the streptomycin 
ecntrol. 


DISCUSSION 


The discussion offers some sum- 
mary interpretations from the over- 
all results on three measured respon- 
ses of the organism ; it presents some 
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Fic. 1.—Effect of acetic acid at varied concentrations on Streptomyces griseus 


in stationary culture at 26° C. 
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Fic. 2.—Effect of adipic acid at varied concentrations on Streptomyces griseus in 


stationary culture at 26° C. 
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Fie. 3.—Effect of citric acjd at varied concentrations on Streptomyces griseus 
in stationary culture at 26° C. 
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Fig. 4.—Effect of malonic acid at varied concentrations on Streptomyces griseus 
in stationary culture at 26° C. 
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Fic. 5.—Effect of glutaric acid at varied concentrations on Streptomyces griseus 
in stationary culture at 26° C. 
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Fic. 6.—Effect of lactic acid at varied concentrations on Streptomyces griseus in 
stationary culture at 26° C. 
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at Fic. 7.—Effect of malic acid at varied concentrations on Streptomyces griseus 
in stationary culture at 26° C. 
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iseus in Fig. 8.—Effect of succinic acid at varied concentrations on Streptomyces griseus . 


in stationary culture at 26° C. 
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Fic. 9.—Effect of tartaric acid at varied concentrations on Streptomyces griseus 
in stationary culture at 26° C. 
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Fic. 10.—Effect of tartronic acid at varied concentrations on Streptomyces 
griseus in stationary culture at 26° C. 
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considerations with respect to safe- 
guards against artifacts in the data; 
it advanees some speculations rela- 
tive to the role of trace elements for 
organic acid utilization, to organic 
acids influencing metabolic mechan- 
isms, and to lactic acid in streptomy- 
cin synthesis. The speculations are 
included for the sole purpose of at- 
tempting to keep the small sector 
represented by this study oriented at 
least toward the composite picture of 
microbial metabolism. 

The results from this study extend 
the information relative to the as- 
simulative and dissimulative capa- 
city of Streptomyces griseus for 
sources of carbon beyond some sug- 
ars (17). Although the results are 
based upon indirect criteria for util- 
ization, they contribute to a prelim- 
inary qualitative survey of carbon 
sources. In addition, the results es- 
tablish certain basic information by 
designating some growth inhibitive 
acids and by indicating differences 
among utilizable acids. 

The three measured responses 
(pH, growth, and streptomycin pro- 
duction) associated with the meta- 
bolism of the organism appear to 
show a maximum at some range of 
concentration of each organic acid 
except for (a) pH in the medium 
containing glutaric, tartaric, and 
tartronic acids and (b) streptomycin 
production in media containing glu- 
taric acid. In the case of glutaric 
acid, the highest concentration used 
may have been inadequate to indicate 
an optimal concentration. An opti- 
mal concentration is apparent for 
each of the other organic acids in the 
medium as has been found for sugars 
(17) and for various constituents of 
the synthetic medium. (28, 31). 
Since these respective optimal con- 
centrations for the three responses 
secur, for the most part, at different 


amounts of the acids, they suggest 
that different metabolic mechanisms 
are involved in these responses. Sim- 
ilar unparalleled responses are evi- 
dent in connection with the optimal 
concentrations of sugars (17) and 
constituents of the original syn- 
thetic medium (28, 31). They have 
been noted under some other condi- 
tions (9, 12). However, the three 
responses were somewhat parallel 
with lactie acid, the optimal concen- 
tration of which was 0.1 molal for 
each response. 

The H-ion concentration of the 
medium being related to the balance 
among ionizable acidic and basic 
substanees at the time of the pH 
measurements would result from the 
accumulation of either the residual 
materials following the assimulation 
of original constituents of the me- 
dium or the end products of meta- 
bolism. Metabolites that are con- 
sumed as they are produced by the 
organism would not appreciably af- 
fect pH. Thus, the measured in- 
crease in alkalinity apparently origi- 
nates from the accumulation of basic 
sodium ions or basic end products in 
the medium. Either of these ac- 
cumulations would indicate utiliza- 
tion of the acids since the alkalinity 
is relative to the original concentra- 
tion of nutritive acid in the medium. 
It is doubtful whether tartaric and 
tartronie acids are utilizable (figs. 
9, 10). This agrees with another 
report claiming non-utilization of 
tartaric acid (23). It is apparent 
that all the other acids tested at 
varied concentrations are utilizable 
(figs. 1 to 8). If organic acids are 
produced during metabolism, it 
would appear that these are in turn 
utilized. It has been reported that 
organic acids are not produced by 
Strain No. 4 of S. griseus (6) and 
that the end product of metabolism 
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of this organism in submerged cul- 
ture is CO, rather than organic acids 
(8). By escape of this gaseous end 
product there would be a tendency 
for any basic non-volatile residues 
and end products to overbalance the 
acidic residues and metabolites in 
the medium. Such could account for 
the rise in alkalinity usually encoun- 
tered with this organism. However, 
if the concentration of glucose is 
particularly high in a synthetic me- 
dium, the reaction does not become 
more alkaline but becomes acid dur- 
ing fermentation for a period of 
time (31). 

Growth responses of the organism, 
since they are affected by concentra- 


tion of the acids, appear to be satis- - 


factory evidence of utilization of 
these substances. By combining these 
responses with the somewhat paral- 
lel responses in alkalinity changes, 
these criteria for utilization become 
more reliable. Growth is better on 
lactic, malic, and succinic acids than 
other acids. 

Streptomycin production accord- 
ing to the activity detected by the 
assays is not appreciably increased 
by any of the acids except lactic 
acid, a constituent of the original 
synthetic medium (28,31).  Al- 
though production from the other 
acids was not great} there appears to 
be some relationship of streptomycin 
yield to concentration of the acids 
(figs. 1 to 10). Because these op- 
tima for streptomycin production 
with the exception of lactic acid are 
not the same as those for growth, it 
appears that the optimal concentra- 
tion of such nutrients for growth 
may be ‘‘out of balance”’ for strepto- 
mycin production. Along this rea- 
soning, lactic acid at 0.1 molal is ‘‘in 
balanee’’ with other nutrients for 
growth and streptomycin production 
simultaneously. As lactic, malic, and 


succinic acids contributed marked 
responses in pH and growth, with 
streptomycin being produced in any 
appreciable amount only from lactic 
acid (figs. 6, 7, 8), it appears that 
lactic acid may specifically contrib- 
ute to the production of streptomy- 
cin by this organism. Mechanisms 
of metabolism or nutrition favoring 
the production of lactic acid might 
conceivably stimulate growth of the 
organism with appreciable produc- 
tion of streptomycin, whereas good 
growth without lactie acid being 
supplied or produced in the medium 
might result in low yields of strepto- 
mycin. 

Neither the assay of streptomycin 
nor the growth of the assay organism 
on the assay plates was appreciably 
affected by any of the organic acids 
at 0.1 molal. However, it has been 
reported that salts of some of these 
acids antagonize the action of strep- 
tomycin (3, 4, 7, 10, 13, 14, 16) and, 


also effect the growth of test organ-. 4 


isms for assay (7, 18, 36). These 
discrepancies may be explainable in 
differences among the test organisms 
used or conditions of the assays. In 
the paper-dise assay plate method 
only substances that would diffuse 
faster than the streptomycin would 
be able to affect the test organism. 
In addition, the method is insensi- 
tive to substances such as alcohol 
that might affect the test organisms 
suspended in a liquid eulture (30). 

The osmotic concentrations of the 
various media do not solely influence 
the optimal concentrations of acids 
since the optima did not occur at any 
one concentration. However, the 
physical effect of the higher concen- 
trations (0.615 molal for 0.5 molal 
acids) would be expected to influ- 
ence the functions of the organism 
(physiological salt solution being 
0,155 molal NaCl although based 
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upon human red blood cells). Since 
abrupt changes in the -responses oc- 
curred generally at 0.1 molal (0.215 
total molal concentration), the iso- 
tonie concentration of the organism 
(although undetermined) would be 
expected to be slightly above this 
total molal concentration. It has 
been reported that a reduction of 
NaCl concentration in the medium 
accounts for a relatively greater 
amount of streptomycin recoverable 
from the mycelium than from the 
medium (9). According to this, the 
higher concentrations of sodium 
salts of the organic acids where re- 
duced streptomycin production oe- 
curred should favor the release of 
streptomycin into the medium and 
thus permit adequate assay of the 
streptomycin actually formed. Sod- 
ium chloride has been reported to 
stimulate the production of strep- 
tomycin in a soybean medium (25). 

The relation of trace elements in 
the medium to.the utilization of or- 


‘ganic acids is not apparent from the 


observations and data of this study. 
However, in other studies trace ele- 
ments in a medium containing both 
glucose and lactic acid influenced 
growth and streptomycin production 
(28, 31). Also the minerals remain- 
ing in the ash of some animal and 
plant products stimulated growth 
and streptomycin production (29). 
In addition to influencing the 
growth of microorganisms, trace ele- 
ments are known to alter the metab- 
olism of microorganisms so as to 
favor the accumulation of commer- 
cially desired end products of metab- 
olism such as citric acid (22). Even 
without the presence of organisms, 
they can catalyze the oxidation of 
Sugars to organic acids in acid or 
alkaline solutions when molecular 
oxygen is supplied (11). They also 
increase the ionization and reactiv- 
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ity of sugars as acids (11). These 
phenomena and the fact that some 
organic acids are utilized by S. 
griseus and other actinomycetes 
(2, 33) suggest that this organism 
may utilize organic acids through 
some mechanism involving metallic 
trace elements. 

Lactie acid appears to play a role 
in streptomycin production by S. 
griseus. The acid is known to fune- 
tion in CO, fixation by Clostridium 
butylicum (5). Carbon dioxide ap- 
pears to be necessary for some ac- 
tinomycetes in synthetic media (1) 
and either CO,or the carbonate radi- 
cal appears to influence streptomycin 
production by 8S. griseus (31). A 
lactic acid forming enzyme is inac- 
tivated at 37° C. (20), the tempera- 
ture at which S. griseus does not 
produce streptomycin even though 
good growth continues (31). Since 
lactic acid is rapidly consumed by 
S. griseus (31) and is unique among 
the acids studied for streptomycin 
production, the synthesis of strepto- 
mycin by this organism might con- 
ceivably be dependent upon lactic 
acid which may be supplied to the 
medium or produced by the organ- 
ism itself for assimulation or dissim- 
ulation (31). 

Any effect of streptomycin upon 
the metabolism of S. griseus which 
produces it is not directly revealed 
by the data. However, the data do 
suggest some presumed evidence and 
inferences for streptomycin effects. 
Since streptomycin appears to affect 
the oxidation of acetate by Escher- 
ichia coli (21) and animal tissue 
homogenates (32), streptomycin 
might conceivably influence the oxi- 
dative system of S. griseus with re- 
spect to organic acids if these acids 
should be broken down to a two- 
carbon acid such as acetic (15). Such 
an influence might retard further 
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synthesis of streptomycin even 
though growth is excellent when the 
medium contains nutrients of par- 
ticular substances such as malic and 
suceinie acids. If lactic acid should 
afford other or additional mechan- 
isms, the synthesis of streptomycin 
might not be retarded when lactic 
acid is available. This would ex- 
plain the occurrence of higher pro- 
duction of streptomycin from lactic 
acid than from other acids when 
growth is approximately equal on 
the acids concerned. 


Another possible explanation is 
that the acids other than lactic may 
channel the mechanisms of the or- 
ganism away from streptomycin syn- 


thesis or may direct the mechanisms ' 


into streptomycin utilization. Lac- 
tic acid, on the other hand, may 
channel the mechanisms away from 
streptomycin utilization and toward 
streptomycin synthesis. Streptomy- 
cin is utilized by some microorgan- 
isms (24) but no report was found 
where an organism could produce 
streptomycin or an antibiotic under 
some conditions and under certain 
other conditions could utilize it. 


It should be kept in mind that a 
supposedly pure culture of this or- 
ganism may mutate into strains (27) 
or carry strains that possess quite 


distinct functional characteristics. 
Such inductions or selections might 
be brought about by the organic 
acids in the medium, as growth in 
these experiments involves successive 
generations from a small quantity 
of the inoculum. Organic acids in 
certain respects might be considered 
as metabolites which could be more 
effective than the less oxidized alde- 
hydes (sugars as conventional car- 
bon sources) in influencing metab- 
olic mechanisms. Organic acids are 
end products of metabolism of many 
microorganisms (22, 37) and even 
species of Streptomyces (6). The 
absence of organic acids detectable 
as end products (6) does not neces- 
sarily mean that S. griseus is in- 
capable of producing organic acids. 
It has been reported that S. griseus 
forms very little acid from glucose 
and no succinic acid during active 
growth although traces of succionate 
appear in later stages of growth (6). 
Organic acids might be formed but 
if they are rapidly utilized they’ 
would not become concentrated suf- 
ficiently for detection by usual meth- 
ods of analysis. The evidence for 
utilization of organic acids reported 
herein and mentioned above (6) sug- 
gests that organic acids may be sig- 
nificant nutrients or metabolites that 
influence streptomycin production. 


REFERENCES 


1. ARrIsTOVSKAIA, T. V. Utilization of 
CO, and the possibility of carbo- 
xyl reduction by heterotrophic or- 
ganisms. Mikrobiology (U.S.S.R.) 
10: 701-714. 1941. (Biol. Abstracts 
17: 5304, 1943.) 

2. Bawpaccr, Exto. Attack of paraffins 
by microorganisms. Olearia 1947: 
90-95. 1947. (C. A. 43: 2318a. 
1948.) 

3. BERKMAN, S., R. J. Henry, and R. O. 
HOUSEWRIGHT. Studies on strep- 
tomycin. I. Factors influencing 
the activity of streptomycin. Jour. 
Bact. 53: 567-574. 1947. 


4. Bonpi, A., Jr., CATHERINE C. DIETZ, 
and BE. H. Spatpine. Interference 
with the antibacterial action of 
streptomycin by reducing agents. 
Science 103: 399-401. 1946. 

5. Brown, R. W., H. G. Woop, and 
C. H. WerKkMan. Fixation of 
carbon dioxide in lactic acid by 
Clostridium butylicum. Arch. 


Biochem. 5: 423-433. 1944. 

6. CocHRANE, V. W. and IsaBpeL DiM- 
MIcK. The metabolism of species 
of Streptomyces. I. The formation 
of succinic and other acids. Jour. 
Bact. 58: 723-730. 1949. 








1] 


12 


13 


14, 


15. 


16, 


17, 


18, 











or 
g 


at 


STZ, 
nce 

of 
nts. 


and 

of 
by 
rch. 


DiM- 
cies 
ition 
jour. 





1 


10. 


11. 


12. 


13. 


15. 


16. 


17, 


18. 


. DOoNovicK, 
CANALES, and F. Pansy. The in- 
fluence of certain substances on 
the activity of streptomycin. III. 


R., A. P. Bayan, P. 


Differential effects of various 
electrolytes on the action of 
streptomycin. Jour. Bact. 56: 125- 
137. 1948. 


. Duraney, BE. L. and D. PERLMAN. 


Observations on Streptomyces 
griseus. I. Chemical changes oc- 
curring during submerged strep- 
tomycin fermentations. Bull. Tor- 
rey Botanical Club 74: 504-511. 
1947. 


. Erser, H. M. and W. D. McFarLanp. 


Metabolism of Streptomyces 
griseus in relation to the produc- 
tion of streptomycin. Can. J. Re- 
search 26C: 164-173. 1948. 

Geiger, W. B., S. R. GREEN, and 
S. A. WAKSMAN. The inactivation 
of streptomycin and its practical 
application. Proc. Soc. Exptl. 
Biol. and Med. 61: 187-192. 1946. 

GortNer, R. A., R. A. GorTNER, JR., 
and W. A. GorTNner. Outlines of 
Biochemistry, 3rd Ed. 1078 pp., 
125 figs. 1949. New York. 

Gorriies, D. and H. W. ANDERSON. 
Morphological and physiological 
factors in streptomycin produc- 
tion. Bull. Torrey Botanical Club 
74: 293-302. 1947. 

GREEN, S. R. and S. A. WAKSMAN. 
Effect of glucose, peptone,. and 
salts on streptomycin activity. 
Proc. Soc. Exptl. Biol. Med. 67: 
281-285. 1948. 

Green, S. R., W. P. Iverson, and 
S. A. WAKSMAN. Effect of organic 
acids on streptomycin activity. 
Proc. Soc. Exptl. Biol. Med. 67: 
285-288. 1948. 

Gurin, S. and D. I. CranpaLyt. The 
biological oxidation of fatty acids. 
Cold Spring Harbor Symposia 
Quant. Biol. 73: 118-128. 1948. 

Henry, R. J. and Giapys L. Hossy. 
The mode of action of streptomy- 
cin, Chapter 12, “Streptomycin” 
edited by S. A. Waksman, pp. 197- 
218. 1949. Baltimore. 


Hussar, C. V. and H. H. THorn- 
BERRY. Utilization of various car- 
bohydrates by Streptomyces 
griseus for production of strep- 
tomycin and growth. Ill. State 
Academy Science Transc. 329: 57- 
64. 1946. 


Keeney, E. L., L. AveELLo, and Exste 
LANKForD. Studies on common 
pathogenic fungi and on Actino- 
myces bovis, I. In vitro effect of 
fatty acids. Bull. Johns Hopkins 

Hosp. 75: 377-392. 1944. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 





Utilization of Acids by Streptomyces Griseus 73 


Loo, Y. H., P. S. Skett, H. H. THorn- 
BERRY, JOHN EnRiLicu, J. M. Mc- 
Guire, G. M. Savage, and J. C. 
SyLvester. Assay of Streptomycin 
by the Paper-Disc Plate Method. 
Jour. Bacteriology 50: 701-709. 
1945. 

Meyerhof, O. tber die Abtrennung 
des Milchséure bildender Fer- 
ments vom Muskel und einige 
seiner Eigenschaften. Naturwis- 
senschaften 14: 196-198. 1926 
(Separation of the _ lactic-acid- 
forming enzyme from the muscle; 
some of its properties. C. A. 20: 
1635-1636. 1926.) 

Oatnsxky, E. L., Parricra H. Smirn, 
and W. W. Umsreir. The action 
of streptomycin. I. The nature of 
the reaction inhibited. Jour. Bact. 
58: 747-760. 1949. 

PERLMAN, D. Effect of minor ele- 
ments on the physiology of fungi. 
Bot. Reviews 15: 195-220. 1949. 

PripHaM, T. G. and D. Gortries. 
The utilization of carbon com- 
pounds by some Actinomycetales 
as an aid for species determina- 
tion. J. Bact. 56: 107-114. 1948. 

RAKE, G. Streptomycin as an essen- 
tial nutrilite. Proc. Soc. Exptl. 
Biol. Med. 67: 249-253. 1948. 

RAKE, G. and R. Donovick. Studies 
on the nutritional requirements 
of Actinomyces griseus for the 
formation of streptomycin. Jour. 
Bact. (Abstract) 5/7: 596. 1946. 

Scuatz, A., ELIzABETH Bueir, and 
S. A. WAKSMAN. Streptomycin, a 
substance exhibiting antibiotic ac- 
tivity against gram-positive and 


gram-negative bacteria. Proc. 
Soc. Exp. Biol. Med. 55: 66-69. 
1944. 

Scuatz, A., and S. A. WAKSMAN. 


Strain specificity and production 
of antibiotic substances. IV. Vari- 
ations among Actinomycetes, with 
special reference to Actinomyces 
griseus. Proc. Nation. Acad. Sci. 
USA 31: 129-137. 1945. 

THORNBERRY, H. H. Nutrient re- 
quirement of an antibiotic soil 
fungus, Streptomyces griseus. 
Phytopathology (Abstract) 36: 
412. 1946. 

THORNBERRY, H. H. The role of 
minerals in production of strep- 
tomycin by Streptomyces griseus. 


Phytopathology (Abstract) 38: 
26. 1948. 
THORNBERRY, H. H. A _ paper-disc 


plate method for the quantita- 
tive evaluation of fungicides and 
bactericides. Phytopathology 40: 
419-429. 1950. 





31. 


32. 


33. 


34. 


Illinois Academy of Science Transactions 


THORNBERRY, H. H. and H.W. ANDER- 35. WaAKSMAN, S. A. and A. T. HENRICI. 


son. Synthetic medium for Strep- The nomenclature and classifica- 
tomyces griseus and the produc- tion of the Actinomycetes. Jour. 
tion of streptomycin. Archives Bact. 46: 337-341. 1943. 
Biochemistry 16: 389-397. 1948. 36. Waxsman, S. A. and A. Sonatz. A 
Umereit, W. W. and N. E. Tonnazy. review, Streptomycin. Jour. Amer. 
The action of streptomycin. ITI. Pharm. Assoc. Practical Phar- 
The action of streptomycin in macy Edition 6: 308-321. 1945. 


the tissue homogenates. Jour. 37 
Bact. 58: 769-776. 1948. , 
WaksMAN, S. A. Cultural studies 


. Waker, T. K. Pathways of acid 
formation in Aspergillus niger 
and in related molds. Advances in 


of species of Actinomyces. Soil Z 

Science 8: 71-215. 1919. Enzymology 9: 537-584. 1949. 
WaksMAN, S. A. Standardization 38. Wyss, O. The bacteriostatic ac- 

of streptomycin. Science 102: tion of short chain fat acids. Jour. 

40-41. 1945. Bact. (Abstracts) 51: 601. 1946. 








a> ee 2 @ ns eh wt ete A oe ae ee 












Illinois Academy of Science Transactions, Vol. 43, 1950 


CHEMISTRY 


METHOXYL DETERMINATIONS ON ALKYL ESTERS 
OF 2-METHOXYBENZOIC ACID* 


G. R. YOHE, DONALD R. HILL, anp HOWARD S. CLARK 
Illinois State Geological Survey, Urbana 


In the course of another investiga- 
tion it became desirable to ascertain 
to what extent certain alkyl ester 
groups would interfere with me- 
thoxyl determinations made on de- 
rivatives of methoxy-aromatie acids. 

The Zeisel method in its various 
modifications has long been used, on 
both macro and micro scale, for the 
determination of methoxyl and 
ethoxyl groups; with certain changes 
in apparatus and technic, it has been 
recommended for propoxyl and bu- 
toxyl determinations'. It might be 
inferred, therefore, that a methoxyl 
determination by the usual proced- 
ure could be carried out without in- 
,terference by péntoxyl groups. ‘That 
this is not the case is shown here. 

The ready availability of salicylic 
acid made it convenient to use 
as a starting material for the 
preparation of suitable test com- 
pounds. This paper reports the 
preparation and properties of the 
n-propyl, n-butyl, and n-pentyl es- 
ters of 2-methoxy benzoic acid, and 
results of methoxyl determinations 
made upon them by the micro Zeisel 
method. 

Of the simple alkyl esters of 2- 
methoxybenzoic acid, only the me- 
thyl* and ethyl esters have been de- 
scribed in the literature. 


~ *Published by permission of the Chief, Illinois 
State G Geological Surve; 

1See, for example, Sidney Siggia, “Quantitative 
Organic Analysis via Functional Groups,” p. 30, 
John Wiley and Sons, Inc., 1949. 

See Beilstein, “Handbuch der Organischen 
lst Supple- 


oe, ” ie Paition, Vol. X, p. 71; 
vat i 
Ibid 


‘ol. x. p. ‘74; 1st Supplement X, p. 34. 





EXPERIMENTAL 


2-Methoxybenzoic acid. This com- 
pound was prepared by methy- 
lating salicylic acid with dimethyl 
sulfate and purifying the product 
according to the method of Graebe’*. 
One mole (138 g.) of salicylic acid 
yielded 95.3 g. of 2-methoxybenzoic 
acid (62.7% of theoretical) ; recov- 
ery of salicylic acid was 32.8 g¢., mak- 
ing the yield of desired product 
81.8% based on salicylic acid actu- 
ally used. The melting point was 
101.5-103.5°C. after reerystallization 
from water. 


Esters of 2-methoxybenzoic acid. 
As typical of the method used, the 
preparation of n-butyl 2-methoxy- 
benzoate is described here. The pro- 
cedure was essentially that used by 
Cavill and Gibson’ for making 
n-butyl 4-methoxybenzoate. A solu- 
tion of 30.4 g. (0.2 mole) of 2-meth- 
oxybenzoic acid in 100 ml. of 
n-butanol and 100 ml. of toluene was 
treated with 10 drops of concentrat- 
trated sulfurie acid, and refluxed 
until no more water accumulated in 
the graduated trap which was inter- 
posed between the flask and the con- 
denser. In about three hours 4 ml. 
of water were caught (theoretical 
0.2 mole = 3.6 ml.). The reaction 
mixture was cooled, washed with 
water, sodium carbonate solution, 
water, dried over anhydrous sodium 


«Ann, ie 210; 139, 137; cf. pees X. p. 64. 
— Cavill “and N. A. Gibson, J. Soc. 


chan Ind. 66, 274, 1947. 
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TABLE I.—MErHoxyYL DATA For 1, 2-C,H, (COOR) (OCH,). 














| 
—OR found | Flushing time | Number of 
R Theoret. OCH3 (as —OCHs) (Minutes) alkoxyl groups 
Ot Oa nate 15.98 30.16 45* 1.89 
en ear Paeee 14.90 28 .28 45* 1.90 
n-Cs5Hi1 Re oe ae 13.96 17.64 20 1.26 
n-C;5Hi; i eres od 26.72 80 1.91 
n-C5Hi; Jocee sconce *? 27.16 90 1.95 




















* Approximate. 


sulfate, the butanol and toluene dis- 
tilled off, and the product distilled at 
diminished pressure. The yield was 
38.3 g. or 92% of the theoretical. 
This was redistilled through a short 
eolumn prior to analysis. Boiling 
point, 112°C. at 1.2 mm.; f.p., —23° 
to —25°; np”*, 1.51125; d,?°, 1.062. 
Analysis: Caled. for C,,H,,O0,: C,, 
69.21; H, 7.74. Found: C, 69.22; H, 
7.68. 

The n-pentyl ester, prepared in a 
similar manner from 15. 2 g. (0.1 
mole)of 2-methoxybenzoic acid, 25 g. 
of pentanol-1, 75 ml. of toluene 
and 3 drops of sulfuric acid, was 
isolated in 69% yield. B.p., 112-13° 
at 0.8 mm. ; np”’, 1.50668 ; d,*°, 1.045. 
Anal.: Caled. for C,,H,.0,: C, 
70.24; H, 8.16. Found: C, 70.03; 
H, 8.19. 

In the preparation of the propyl 
ester, 150 ml. of benzene were used 
in place of toluene, with 30.4 g. of 
the acid, 60 ml. of propanol and 2 
ml. of sulfuric acid. The crude ester, 
37.1 g. or 95.6% of theoretical, re- 
quired several redistillations before 
it was sufficiently pure for analysis. 
B.p., 114.8-115.5° at 1.5 mm.; np?’, 
1.51566; d,?°, 1.085. Anal.: Caled. 
for C,,H,,0,:. C, 68.02; H, 7.26. 
Found: (©, 67.88, 68.10; H, 7.44, 
7.44. 

A small sample of each of the es- 
ters was saponified and the 3, 5-dini- 
trobenzoate was prepared from the 


alcohol formed. The derivatives 
thus produced were those of the 
normal alcohol proving that no rear- 
rangement of the alkyl groups had 
occurred during esterification. 

Methoxyl determinations were run 
essentially as described by Pregl’, 
with variations in the length of the 
flushing period. Table I gives the 
results of these determinations, and 
shows the effect of varying the fush- 
ing period in the case of the pentyl 
ester. 

It is thus shown that even with 
the normal 20-minute flushing pe- 
riod, the presence of n-pentyl ester 
groups results in a high value for 
methoxyl, and that with longer 
flushing periods, both ether and ester 
alkoxyl groups in these compounds 
can be determined with a fair degree 
of completeness. 

SUMMARY 

Three new compounds have been 
described and their physical con- 
stants reported. These are the 
n-propyl, n-butyl, and n-pentyl es- 
ters of 2-methoxybenzoie acid. 

In all eases the alkoxyl groups 
present as esters have been split off 
with hydriodie acid, and the result- 
ing alkyl iodides have distilled over 
along with methyl iodide from the 
ether group in the micro Zeisel 
methoxyl procedure. 


6 Pregl-Grant, “Quantitative Organic Analysis,” 
p. 146, The Blakiston Co., 1946. 
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THE KOLBE ELECTROCHEMICAL SYNTHESIS: 
AN ACADEMIC TOPIC 


GARRETT W. THIESSEN 
Monmouth College, Monmouth 


The electrolysis of organic-acid 
salts initiated by Kolbe in 1849 re- 
mains one of the most direct ap- 
proaches to the study of free radi- 
cals. The concentrated potassium 
acetate which he first used is excel- 
lent for demonstrating this experi- 
ment. This solution is made by sat- 
urating water with solid potassium 
acetate and adding about five per- 
cent of the volume of glacial acetic 
acid. It is both anolyte and catho- 
lyte. The cathode is copper wire 
gauze. The anode is platinum foil, 
secured through a rubber stopper 
in a porous cup. A glass tube 
through this stopper permits the 
gaseous products of the electrolysis 
to escape from the reaction chamber. 
They pass through a U tube, con- 


‘taining glass beads and 6 N. aqueous 


NaOH solution, then through an- 
other U tube containing glass beads 
and cone. H,SO,; thence they are 
led to a pneumatic trough for col- 
lection. Neither dimensions of the 
apparatus nor concentrations of the 
solutions are critical. Also the elee- 
trolyzing voltage may vary within 
rather wide limits. It may be as lit- 
tle as 8 volts or even less if the ex- 
periment may be started some hours 
ahead of class time; but if 15 to 20 
volts' are available, the experiment 
may be started with the start of 
the lecture, and will in a few min- 
utes yield sufficient ethane for a 
burning test. It is one of the few 
organic chemistry experiments well- 
adapted for lecture demonstration. 


1 External cooling is advisable with higher 
voltages, ‘ 


To interpret it from the free-radi- 
eal viewpoint is a fine exercise in 
visualization of molecular behavior. 
The starting material is acetic acid; 
the products are cathodic hydrogen, 
and anodie carbon dioxide and 
ethane, mainly; though some ethyl- 
ene, methanol, and methyl acetate 
are also formed at the anode. The 
following sequence of events is pre- 
sumed to explain these results: 

(a) Before electrolysis—ioniza- 
tion of solvent and salt, the former 
only slight. 

(b) At cathode—arrival of ca- 
tions K* and H,0O*, with selective 
discharge of latter (see activity 
series) with production of H.,. 

(e) At anode—arrival of anions 
CH,:COO- and OH’, with selective 
discharge mainly, but not exclusive- 
ly, of the former, producing the free 
radicals CH,- COO and OH*. Each 
of these contains an odd number of 
electrons. 

(d) Decomposition of some 
CH,- COO into CH, and CO,, (and 
some OH into O, and H,O). The 
new free radical thus formed con- 
tains also an odd number of elec- 
trons. 

(e) The formation of all possible 
stable combinations of the three free 
radicals present. The radicals are 
(1) CH,- COO, (2) CH,, (3) OH. 
The stable products predicted and 
found are: CH,:CH,, CH,+COO 
-CH,, and CH,OH, besides the CO,. 
In the demonstration, the NaOH in 


2? The CH;.COO.00C.CH; and HO.OH postulated 
as intermediates in current theories of this syn- 
thesis would be in equilibrium, theoretically, with 
the two prime free radicals. 
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the first U tube removes the CO,. All 
the stable products have even num- 
bers of electrons. 


(f) The loss of H atoms from 
some of the CH, radicals. Since 
each H atom earries an electron, 
this leaves the new CH, radical with 
an even number of electrons, so it is 
a reaction which should tend to 
occur. The methylene dimerizes to 
C.H,, which is removed from the 
ethane by the H,SO, in the second 
U tube. 


It is also helpful to visualize this 
electrolysis of acetic acid in relation 
to two very familiar pyrolyses of the 
same substance. Thus, 


(a) acetate ion + alkali ion + 
thermal energy — methane + carbo- 
nate. 

(b) acetate ion+ alkali ion + 
electrical energy — ethane + carbon 
dioxide + hydroxide ion (formed at 
cathode when H, is liberated). 


(ce) acetate ion + alkaline-earth 

ion-+ thermal energy — acetone + 
carbonate. 
Since, of course, the carbonate or 
hydroxide can be converted to the 
starting salt by adding more acetic 
acid, with evolution of CO, if the 
carbonate was formed, all three pro- 
cesses are decarboxylations of acetic 
acid; and the effect of the different 
metals, together with the directive 
action of the electrical field, may be 
compared as a study in catalysis. 

Further, the Kolbe synthesis is 
the basis of interesting speculation. 
By analogy to the first example, 
R- COOK should yield R- R abund- 
antly, whatever the nature of R-, 
with a little (R minus H), ROH, 
and R-COO-R. This is not true. 
Even when R contains nothing but 
C and H, and is saturated, the pro- 
portions of the products are highly 
variable. Thus, potassium propion- 


ate yields very little n-butane, but 
produces ethylene (R minus H) 
copiously. As the homologous series 
is pursued, results intermediate be- 
tween these two extremes appear. 
This is shown graphically in figure 
1, in which the number of carbon 
atoms in R is plotted against percent 
eurrent® yield. (The data here 
plotted are taken from table VIII, 
p. 43 of item (2) of the biblio- 
graphy.) Solid circles designate 
R-R; open circles (R minus H). 
The roman numbers designate the 
type of carbon atom attached to the 
carboxyl group. In acetie acid, it 
is primary (I), being attached to 
only one other carbon. In the 
straight-chain acids propionic to 
stearic,* it is secondary (II). For 
this series most data were available. 
Only a pair of tertiary acids were 
tabulated, and only one quaternary. 
The following generalizations can be 
deduced from figure 1: 

(a) The yield of R-R is an in- 
verse function of the yield of (R 
minus H). 


(b) The type of carbon atom at- 
tached to the carboxyl determines 
the family to which an acid belongs 
in this synthesis. 

(ec) The extra CH, group acquir- 
ed in converting a secondary carbon 
atom to a tertiary does not greatly 
alter the yield, since curves III 
could nearly be superimposed on 
eurves II by shifting the abscissa 
one unit to the left. 

(d) The maximum yield of R-R 
might be expected in about the 





8 The current yield is chosen rather than the 
material yield because it is more easily defined. 
This is because the cathode action forms ions 
equivalent to KOH in its vicinity, and the solution 
tends to become alkaline as electrolysis progresses ; 
and when the hydroxide ion concentration reaches 
the anode, hydroxide discharges ever more readily 
and production of CH,;.COO radicals falls off. 
To prevent this, excess of the free acid whose 
potassium salt is being electrolyzed is maintained 
in the system. 

* Off the scale of figure 1, but on the curve, 
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region of octanoie acid, where the 
data fail. 

(e) <Aecetie acid is an isolated, 
rather than a typical, case. 

(f) The production of (R minus 
H) is about as typical as the produc- 
tion of R- R. 

More speculation may be centered 
about the role of unsaturation in this 
synthesis. As a product, it is com- 
mon. When it is initially present, 
it inhibits the synthesis. It does 
this by raising the discharge poten- 
tial of the organic anion, making it 
relatively easier to discharge hy- 
droxyl. Straight-chain double bonds, 
if nearer to the carboxyl than the 
delta atom, usually prevent the syn- 
thesis from occurring. Benzenoid 
double bonds have a similar action. 
Fichter and Stenzl used pyridine, 
alone or with methyl alcohol, as a 
solvent for this synthesis, and thus 
provided solvent anions much more 
difficult to discharge than hydroxyl. 
In these solvents they were able to 
convert benzoic acid to diphenyl, 
and phenylacetie acid to dibenzyl. 

It is interesting to note that some 
4-phenylpyridine was recovered in 
the electrolysis of benzoate in pyri- 
dine. This is for this system analo- 
gous to ROH in water, and suggests 
that pyridine ionizes by disengaging 
a hydrogen atom at, the point most 
remote from the nitrogen, and that 
if other ions are also produced, this 
is the one most easily discharged. As 
a rough approximation, unsatura- 
tion is a fairly typical product; its 
initial presence operates against the 
formation of more, according to Le 
Chatelier’s theorem. 

Since the ethylenic double bond is 
a ring system of two atoms, the be- 
havior of larger ring systems is of 
interest. Such systems with three, 
four, and five carbon atoms in the 
ring, and the ring adjacent to the 


carboxyl group, have been investi- 


gated. Only R-COO-R and ROH 
seem to evolve in significant 


amounts." This suggests: (a) the 
organic discharge potential is some- 
what raised, so that it is about com- 
parable to that of hydroxide, so that 
liberal amounts of both R- COO and 
OH are present together; (b) the 
rate of decomposition of R- COO in- 
to R and CO, is lowered, so that 
considerable R and R - COO exist to- 
gether. 

Finally, the synthesis offers a wide 
field for investigation. Decomposi- 
tion potentials, material yields, and 
gas analyses are largely unrecorded, 
except for the first three members. 
Other solvents besides pyridine, 


‘methyl alcohol, and water might be 


investigated. The effect of the alicy- 
clic ring more remote from the ear- 
boxyl appears to be unknown. The 
effects of temperatures and pres- 
sures much greater than atmospheric 
have not been studied. Much may 
possibly be done by a careful litera- 
ture search; the earliest work is so 
old that copies or direct abstracts 
of it are not available in the smaller 
chemical libraries. For many ex- 
perimental studies no especially 
difficult apparatuses or techniques 
are needed. A study of the electro- 
lysis of mandelate ion, C,H,- CHOH 
‘COO’, is offered as an example. 
Since this is a substituted acid, it 
might be well to note these recorded 
results for such; R is listed: 

(a) Forms R-R- abundantly: 
acetyl, o-nitrophenyl. 

(b) Forms (R minus H) abund- 
antly: «-hydroxy ethyl, «-hydroxy 
proply, 8-hydroxy propyl, 9-glu- 


conyl, allo-camphoryl, phenyl hy- 
droxy methyl (which is the R of the 
mandelate ion). 

The case of R being C,H, -:CHOH 
was investigated by Walker in 1896, 
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using an aqueous solution.® He re- 
cords the production of only small 
amounts of hydrobenzoin C,H,- 
CHOH-CHOH:C,H,, but a con- 
siderable amount of benzaldehyde, 
C,H,CHO. Since the former is the 
RR product and the latter is (R 
minus H), it is evident that mande- 
lie acid, C,H,- CHOH- COOH, re- 
sembles propionic acid rather than 
acetic acid in regard to behavior of 
its ion in a Kolbe electrolysis. Walker 
suspected that the hydrobenzoin re- 
sulted from the cathodic reduction 
of the benzaldehyde. It is, of course, 
possible to take the converse view 
and assume that the benzaldehyde 
results from the anodic oxidation of 
the hydrobenzoin. Oxygen thus used 
would come from discharged hy- 
droxyl ions from the solvent water. 
This proposition was tested by using 
the technique of Fichter and Stenzl 
to electrolyze the mandelate ion in 
non-aqueous solvent. The potassium 
salt in methanol-pyridine, and the 


, diethylammonium salt in pure pyri- 


dine, were both tried. 

An undivided cell was used. A 
small copper beaker held the electro- 
lytic solution and served as a cath- 
ode. A platinum anode was sup- 
ported by a glass tube led through 
a three-hole rubber stopper into the 
cell. Gas was led to a Burrell ana- 
lyzer from a tube inserted in another 
bore of the stopper. The tempera- 
ture of the mixture was maintained 
at 24°C. by external cooling with 
ice water. A typical reaction mix- 
ture was 51 ml. of 1 N. methanolic 
potassium hydroxide, 38 gms. of 
mandelie acid, and 51 ml. of pyri- 
dine. About 40 volts were used to 
maintain about 0.7 amperes of cur- 


It is surprising that CoH; -CHOH -COO- ion 
discharges in aqueous electrolysis, since CgHs *CHg - 
COO. does not. Apparently, although the double 
bonds in the molecule tighten the terminal elec- 
tron, the hydroxyl oxygen loosens it. 


rent. When a gas analysis was not 
desired, a larger electrolysis vessel, 
consisting of a 400 ml. tall-form 
beaker, was used. A spiral copper 
tube carrying water was the cathode, 
and a rotating platinum spiral was 
the anode. Coulombs would be 
passed in excess of the theoretically 
required amount. Several runs 
from the large cell would be com- 
bined for isolation of the organic 
products, by usual techniques, sub- 
stantially as outlined by Fichter 
and Stenzl. Again much benzalde- 
hyde was found, and very little hy- 
drobenzoin. That some of the latter 
was present was proved by the pre- 
cipitation of silver iodate from a so- 
lution of silver ions and periodic 
acid, a test quite specific for 1, 2 
dialeohols. Moreover, by working 
up the material from the proper 
peint in the organic separation 
scheme, a small amount of substance 
was prepared by reaction with ben- 
zoyl chloride, which gave the proper 
melting point for the dibenzoate of 
hydrobenzoin. Since pyridine alone 
gave no appreciable amount of hy- 
drobenzoin, and since pyridine could 
not possibly release anode oxygen 
since it contains none, it could not 
be argued that the benzaldehyde 
resulted from the oxidation of the 
hydrobenzoin. Rather, the prime 
stable compound formed from the 
free radicals was of the (R minus 
H) type. 


The average of several gas-analy- 
sis experiments was expressed as a 
ratio of H, to CO, equal to 0.8, the 
individual values varying from 
0.763 to 1.075. Remembering that 
both cathodic and anodic H, is reg- 
istered and that 2 faradays make 1 
gram-molecular volume of cathodic 
hydrogen and 2 g.m.v. of anodic 
CO,, we see that this ratio should be 
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0.500 for a perfect RR synthesis; 
but if each radical that furnished a 
CO, furnished addionally 12H,, the 
ratio should be 1.00. Also, any dis- 
charge of solvent anions would in- 
crease this ratio by cutting down 


its denominator more extensively 
than the numerator. The picture 
supported by the gas analysis there- 
fore is that of extensive (R minus 
H) synthesis, accompanied by some 
R- R formation. 
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A SPHERICAL ARRANGEMENT OF THE 
CHEMICAL ELEMENTS* 


FRANK 0O. GREEN anp BERNARD G. JACKSON 
Wheaton College, Wheaton 


Chemical literature includes many 
periodic tables, charts, or other 
means of classifying the chemical ele- 
ments. Some have involved a great 
deal of work. Others may not have 
been so laboriously prepared. But 
the purpose in them all has been to 
establish a satisfactory correlation of 
chemical knowledge as related to the 
physical and chemical properties of 
the elements. 


A study of these various periodic 
arrangements will show common fail- 
ings to be either that of placing 
different elements on the same posi- 
tion in the chart or placing a group 
of elements outside the chart, as is 
commonly done with the rare earths. 


A few authors have attempted to 
overcome these difficulties. The 
spherical arrangement suggested by 
Friend (1) and the helical form pro- 
posed by Harkins (2) are outstand- 
ing. We have found, however, that 
a more desirable organization is ob- 
tained by using both helical and 
spherical arrangements together in 
the same system. 


This arrangement is outlined be- 
low and takes the form of a sphere. 
The upper hemisphere includes most 
of the known elements. Only a few 
elements at the begining of the lower 
hemisphere are known, and thus it 
is largely theoretical and extrapo- 
lated on the basis of the following 
reasonable assumptions. 

Assumptions.—The two assump- 
tions on which the construction of 
the complete sphere is based are: 





* Presented before the Chemistry Section of the 


gy Academy of Science at Galesburg, May 6, 
949, 








first, that the actinide series, when 
completed, will resemble the lantha- 
nide series (3) ; and second, that the 
pattern outlined in the upper hemis- 
phere of the system will repeat it- 
self, decreasing the way it built up, 
to an end. Here a liypothetical ele- 
ment with an atomic number of 172 
would come in as the last element. 
This element would have an elec- 
tronic configuration of: 2, 8, 8, 18, 
18, 32, 32, 18, 18, 8, 8, 2. The equator 
of the sphere would arbitrarily come 
between the sixth and seventh peri- 
ods. 

The pattern.—The following des- 
cription outlines the organization of 
the complete sphere, including both 
the top hemisphere containing the 
known elements and the extrapo- 
lated theoretical lower hemisphere. 

The sphere is divided into twelve 
latitudes, six in each hemisphere. 
The first seven latitudes compose the 
seven known periods, the seventh 
being incomplete at present. The re- 
maining five latitudes are theoreti- 
cal and serve to complete the pattern 
on the sphere. There are eight longi- 
tudinal bands (groups), two of 
which originate and terminate in the 
first and last latitudes; these are 
groups I and VIII (the inert 
gases). 

- 1Since the elements in the various groups hold 
group numbers corresponding to the number of 
electrons in their outermost shell, it seems reason- 
able to label the inert gas group as group VIII, 
for helium is the only inert gas without eight elec- 
trons in its outermost shell, having but two elec- 
trons; this eliminates the designation ‘‘zero.” 
For simplicity, the nine elements of the so-called 
group VIII may be designated the “Triad System,” 
of group VIIIB, for they lie between groups VIII 
and I, are not inert, and range in valence from 
one to eight. If C and D groups were attached to 
the triads, it would indicate that they are inert 


elements; and, of course, group VIII is the only 
group that can have inert elements in it. 
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The other groups originate and 
terminate in the second and eleventh 
latitudes. These eight longitudinal 
bands comprise the eight groups of 
representative elements. Group I, 


which cuts twelve latitudes, is im- 
mediately followed by groups II 
through VII, which cut ten latitudes, 
and then group VIII, which cuts 
twelve latitudes, as the first group. 
Between the eight main groups lie 
the ten B groups, originating in the 
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Fic. 1—A polar projection. 


fourth and ending in the ninth lati- 
tude, B groups eight, nine, and ten 
forming the triad system and lying 
between the main groups VIII and I. 
In each ease the B group is placed 
after the main group to which it is 
related. Attached to the B groups 
(with the exception of the triad sys- 
tem) will be found the C and D 
groups on the left and right, re- 
spectively. These short groups, C 
and D, start in the sixth latitude and 
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end in the seventh latitude, the lati- 
tudes on either side of the ‘‘equa- 
tor.’’ Each period has its beginning 
in group I with the elements placed 
in a counterclockwise order. The 
last element in each period is found 
in group VIII, with the inert gases. 

The elements with atomic numbers 
21 through 30, inclusive, might be 
thought of as the calcium series, 
since it is from that element in peri- 
od four that there is the deviation 
into the B groups, even as the ele- 
ments deviating from lanthanum are 
known as the lanthanide series. The 
rare earth elements fill the C and D 
groups of the sixth period. Going 
backwards one element from lan- 
thanum, one finds barium, from 
which the twenty-four succeeding 
elements deviate from the main 
group. Hence, this could,be consid- 
ered the barium series, which would 
be composed of the lanthanide series 
and the ten elements in the B groups 
that are part of this period. The 
deviations in latitudes six and seven 


are the same, and the deviations in 


latitudes, or periods, four, five, eight, 
and nine would be the same. 

The transition points—The sys- 
tem starts with hydrogen in group I, 
period (and latitude) one, and ro- 
tates counterclockwise until it 
reaches helium, the first inert ele- 
ment and the end of the first period. 
From the end of a period the transi- 
tion is consistently to the element in 
group I in the next lower latitude. 
When period four is reached, the 
transition is not so simple, involving 
a total of five types of transition 
points. 

The first transition point is from 
helium to lithium, period one to peri- 
od two. The second and third tran- 
sition points are the connections be- 
tween the representative elements 
and the related elements of group A 


Spherical Arrangement 
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and group B. In period four, group 
II is the first transition point of this 
type: from calcium to scandium, and 
returning to the main groups from 
zine to gallium. Once transition is 
made into the B groups from the 
representative elements, only the B 
groups are touched in the counter- 
clockwise rotation until group IIB 
is reached, where the normal transi- 
tion is to the main group III and the 
period is completed with an inert 
gas. The fact that an element is in 
a B group would indicate inner 
building in the second from the 
outermost shell. (See fig. 2, cross-cut 
view of period five.) These transi- 
tion points are involved in periods 
four through nine, inclusive. 








Fia. 2.—Period five, cross-cut view. 


However, the transition points 
previously mentioned, although they 
apply to periods six and seven, be- 
come a little more complex with the 
introduction of transition points 
four and five. These transition 
points involve the departure from 
the B groups in group IIIB, period 
six, and the return from IIID to 
IVB. To illustrate: from lanthanum 
(IIIB, period six) to cerium (IVC, 
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Fig. 3.—Period six, cross-cut view. 


period six), and from  lutecium 
(ILIID, period six) to hafnium (IVB, 
period six). It is pointed out here 
that the transition from gadolinium 
(IIIC, period six) to terbium (IVD, 
period six) is not considered a tran- 
sition point, since it is merely com- 
pleting the lanthanide series. (See 
fig. 3.) 

The fourth and fifth transition 
points form a system similar to the 
transition system involving the B 
groups, except that this group of the 
elements, C and D groups, gain elec- 
trons in the third from the outer 
shell. The last element in the lan- 
thanide series ends with element 
number 71, and this element is in 
IIID, where both C and D groups 
are filled. The building in the third 
from the outermost shell is almost 
completed in this element. Next the 
B groups are filled and finally the 


main groups. Period seven, just 
across the equator of the system, is 
assumed to be similar to the sixth 
period. From period seven to 
twelve, the number of elements in 
each period decreases in the same 
manner in which they reach the max- 
imum. The transition points of all 
periods of the same length are the 
same throughout the entire system. 

Theoretical basis for the treat- 
ment of the lanthanides.—A eer- 
tain degree of periodicity in valence 
is found when the lanthanides are 
plotted as they are in figure 4. This 
is in agreement with the periodicity 
brought out by Moeller’s (4) atomic 
volume plot of the lanthanides, and 
in Van Rysselberghe’s ‘‘New Peri- 
odie Table’’ (5). The circled val- 
ences in figure 4 indicate valence 
states either of minor importance or 
of those unobtainable in the presence 
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minor importance. 


Fig. 4. The lanthanides. 
those unobtainable in the presence of water or valences of 
The ‘‘c”’ 
the ‘‘D'’ series is stippled. Arrows point to electron shell 
which has gained an electron in the element. 


Circled valences, ‘‘v’’, indicate 


series is in diagonal lines, 


Fie. 4.—The lanthanides. 


of water. These pairs of lanthanides 
were attached as C and D groups 
to the B groups in period six, ex- 
cluding the triad system. Their vari- 
ance in valence is generally,similar 
to that of the B group to which they 
were attached; this is part of the 
basis for attachment to the B groups. 
The lanthanides are thus included 
in period six, which has 32 elements. 
Position in the C and D groups 
shows relation to the B groups and 
more or less remote relationship to 
the elements in the main groups. 


Attention is called to gadolinium 
and lutecium, attached to lantha- 
num, because they gain an electron 
in the second from the outermost 
shell as does lanthanum. Lutecium 
is more closely related and similar to 
lanthanum because of the fact that 
its third shell is complete like that of 
lanthanum (6). 


A letter in Nature (7) points out 
that divalent compounds of both 
europium and ytterbium exhibit a 
strong blue fluorescence when ex- 
posed to ultra-violet light ; these ele- 
ments are attached to group IIB in 
period six and are one of the pairs 
formed in figure 4. 


Theoretical basis for the treat- 
ment of the actinides.—Certain of 
the actinides, attached immediately 
below the lanthanides and on the op- 
posite side of the equator of the 
spherical system, have for some time 
been considered as properly belong- 
ing to the B groups of the related 
elements (8). For example, thorium 
has been considered to belong to 
group IVB. In the spherical system 
this element is appropriately at- 
tached in a C group, maintaining its 
relationship to group IV, and also 
in aceord with the modern concept 
of thorium as part of the. actinide 
series (9). This same relationship 
is observed in the case of protactin- 
ium, in group VC, and of uranium, 
in VIC, which are attached to their 
respective B groups. 

The lanthanides and actinides are 
thus attached to the B groups in 
such a way that their relationship 
to the other elements is evident, and 
yet their individuality is retained by 
their placement in C and D groups. 

Interpretation of the diagrams. 
—Figure 1 is a polar projection of 
the sphere. A study of it will show 
that the equator of the system lies 
between periods six and seven. The 
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Fic. 5.—A Mercator projection. 

















Spherical Arrangement 


pattern of the lower hemisphere is 
extended in a manner similar to the 
way in which the upper hemisphere 
built up to period six with its 32 
elements, but in reverse: starting 
with the seventh period filling out 
to 32 elements and the following 
periods having 18, 18, 8, 8, and 2 
elements. The key is the same in all 
the diagrams. A white background 
denotes the representative or main 
elements (A groups). A vertically 
lined background denotes the related 
elements (B groups), and slant-lined 
and stippled backgrounds denote the 
C and D series respectively of the 
‘‘rare’’ elements, the lanthanide and 
actinide series. The heavy black line 
indicates the equator of the system. 
In figure 1, the theoretical, extrapo- 
lated periods eight, nine, ten, and 
eleven are reduced in si2e so that 
they may be included. 

Figure 2 gives a cross-cut view of 
period five, and figure 3 of period 
six. These two diagrams show how 
Ahe elements build up in the spheri- 
cal system, and suggest analogous 
positions of electrons in the particu- 
lar latitude of electrons building up. 

Figure 4 shows the periodicity in 
the lanthanides in regard to valence ; 
and the electrons in the various 
shells as well as the valence states 
are included in the diagram. Figure 
5 is a Mercator projection of the 
spherical system. 

Advantages—a. The number of 
elements in each period is easily as- 
certained, since it is known that the 
periods contain respectively 2, 8, 8, 
18, 18, and 32 elements. 

b. The inert gases, elements 
which have all their electron shells 

filled, are placed at the end of their 
respective periods. 

ce. The representative elements, 
those with all, but the outer shell 
filled, stand out clearly. 
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d. The related, or B group, ele- 
ments are placed adjacent to and 
following the group to which they 
are related. 

e. The ‘‘rare’’ elements, the lan- 
thanide and actinide series, are 
placed in C and D groups showing 
three incomplete electron shells and 
showing their relation to the B 
group elements and through these 
to the representative elements. Ele- 
ments in B groups show building in 
the second from the outer shell, and 
those in C and D groups show build- 
ing in the third from the outer shell. 

f. Interpretation of the period- 
icity of the elements, in terms of 
electronic configuration, is greatly 
facilitated, position in the sphere 
being directly related to electronic 
configuration. 

g. Erroneous analogies between 
A and B group elements are avoided, 
and family relationships are clearly 
emphasized. 

h. Elements of any specifie 
group retain their distinctive char- 
acteristics, and at the same time 
show their relationship to the other 
elements in the group, as B, C, and 
D group elements. 

i. The lanthanide series is in- 
cluded in the system in a satisfactory 

way, and its relation to the other ele- 
ments and the periodic table is 
clearly shown. 

j. There is a logical continuity 
within the system. 

Summary.—A new arrangement 
of the atoms is described which has 
a combined helical and spherical or- 
ganization. The system incorporates 
the representative, the related, and 
the rare earth elements in one se- 
quence and in correct relationships to 
the other atoms. A theory concern- 
ing the electronic configuration of 
the undiscovered elements is pre- 
sented. 
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GEOGRAPHY 


GEOGRAPHICAL POSSIBILITIES OF CORK PRODUCTION 
IN THE UNITED STATES 


CHARLES C. YAHR 
Illinois State Normal University, Normal 


Seattered cork oaks growing in 
southern and southwestern states 
may prove to be the forerunners of 
an important cork production indus- 
try in the United States. The cork 
oak is indigenous to the Mediter- 
ranean region, the present center of 
world cork production, and trees 
from that region have been intro- 
duced into the United States. They 
represent various spasmodic at- 
tempts by the government, educa- 
tional institutions, and interested 
individuals to establish the cork oak 
in this country. 


NEED FOR CORK 


The need for cork in American 
industry was shown when the War 
Production Board listed it as one 
of fifteen critical materials essential 
to keeping the wheels of production 
turning. Even before the attack on 
Pearl Harbor, American supplies of 
cork were placed under strict regu- 
lation to channel them into defense 
and essential civilian usage. Cork 
gaskets and washers are ‘‘must’’ 
parts in keeping grease and oil at 
work lubricating machines. Among 
other uses of cork are insulation, 
corkboard, bomb parts, submarine 
linings, and life preservers. 


Cork is one of those versatile natural 
materials, like leather, that can do a 
lot of jobs well, and for which there 
is no single acceptable substitute .... 
The freeing of North Africa, and the 
bettering of the shipping situation to 
Mediterranean ports on the European 
side have relieved the cork situation 


considerably. Nevertheless, our recent 
unpleasant experience has taught us 
a sharp lesson and it will be far bet- 
ter, no matter what kind of improved 
world the peace may usher in, not to 
leave ourselves in a position to be 
caught in the same fix again.1 
The exigencies of the early years 
of World War II plainly showed 
that cork production in the United 
States would be economically desi- 
rable if it could be proved geographi- 
cally possible. 


PRESENT DISTRIBUTION 


The world cork supply comes from 
a region about the size of New Jer- 
sey. This region of intensive produc- 
tion lies within an area stretching 
for more than 1000 miles along the 
western part of the North African 
coast. In Europe the region stretches 
from the Landes area of France 
around the Iberian Peninsula in a 
narrow fringe along the Mediter- 
ranean to the toe of the Italian 
boot. Figure 1 shows the location 
of the Mediterranean region cork 
producing areas, for which the 1936 
production statistics are given in 
table 1. This is the latest year for 
which full statisties for all countries 
are available. Incomplete figures for 
1941 show small increases in produc- 
tion, but the only available postwar 
information indicates a small redue- 
tion following wartime peaks in 
Portugal and Spain.’ 


1Frank Thone, “Cork in Bottleneck,” Science 
News Letter, XLIV (October 16, 1943), p. 247. 

2 Private communication with Spanish and Portu- 
guese Embassies. 
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TABLE 1.—CorkK OAK ACREAGE AND CORK PRODUCTION, MEDITERRANEAN REGION—19363 























Area Annual Production 

Country Be 

% of | Acres Short tons} % of Yield 
total | (000’s) (000’s) total | lb./acre 
33.8 EP NB OO ue Sas o ani ale 130.0 46.2 151 
12.2 Neo ons uc vere he oa 66.0 23.1 212 
21.6 SNe hay. ga'y ace u dé Wa De + dies Bios 38.5 13.8 70 
14.6 TEL 1EPOOR- BRORODDO: .. 35... ee ce cade 17.6 6.3 48 
6.9 eee oe Se eae ee 13.2 4.8 75 
4.9 247 |Italy, Sardinia, Sicily................. 8.8 3.2 71 
4.6 NS gg is ok Sida ss CAR Rows 7.4 2.6 63 
1.4 ee eee Lee a Mm pa Peinemrcer = [Ro rs RES ME 
100.0 | 5,089 |Mediterranean Region................ 281.5 | 100.0 112 























* Included as a potential producer. 


GEOGRAPHIC FACTORS IN 
Cork GrowTH 


The geographical possibilities of 
cork production in the United States 
are intimately related to tempera- 
ture, rainfall, and soil. It was found 
that the cork oak grows: (1) equa- 
torward of a composite line based 
on the 37° F. January and the 50° 
F.. annual surface isotherms; (2) at 
annual surface temperatures be- 
tween the limits of 50° F. and 70° 
F.; (3) under an annual rainfall 
between the limits of 10 and 60 
inches; and (4) in a variety of soils 
ranging from semi-arid brown steppe 
soils to the moist ttopical and sub- 
tropical red and yellow soils. 


To translate these facts to the 
American scene, a map was ¢con- 
structed, showing the portion of the 
United States which met the above 
qualifications. Figure 2 shows this 
area, plus the areas too dry, too wet, 
or too hot. The unruled section of 
the United States lies beyond the 
poleward limit of growth for the 
cork oak. 


3 Victor A. Ryan, Some Geographic and Economie 
Aspects of the Cork Oak (Baltimore: Crown Cork 
& Seal Co., Inc., 1948), p. 19. 


DISTRIBUTION OF AMERICAN 
CorK OAKS 


With this picture of climatic and 
soil factors, our attention can be di- 
rected to the introduction and 
spread of the cork oak in the United 
States. Thomas Jefferson seems to, 
have been the first American inter- 
ested in the cork oak, but his at-" 
tempts at establishing a cork pro- 
duction industry proved futile. The 
government was successful in 1858 
and again in the eighties in having 
a few trees survive in the southeast- 
ern states and California. A sub- 
stantial planting at Chico, Cali- 
fornia, was made in 1904, and state 
and local plantings have resulted 
in a distribution of cork oaks in the 
United States as shown in figure 3. 
It is interesting to note that they are 
not limited to the area usually clas- 
sified as typically Mediterranean. 

In 1940, over five tons of bark 
were stripped from California trees, 
marking the first time that cork oaks 
outside the Mediterranean region 
had been stripped of commercially 
marketable cork. Tests by the Crown 
Cork and Seal Company of Balti- 
more showed this bark to be equal 
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in quality to Old World cork. When 
considering that the United States 
imports some 150,000 tons of cork 
annually, it is readily seen that it 
was the fact rather than the amount 
of production that was of chief sig- 
nificance. 


PRODUCTION AND MARKETING 
PROBLEMS 


In order to develop an overview 
of the industry, we may turn our 
attention to how the industry is 
conducted, what marketing practices 
may be developed, what competition 
in land use may be encountered, how 
competition by other products and 
by foreign countries is met, and 
what other problems cork producers 
may face. 


Conpuct or INDUSTRY 


Cork production is a forest indus- 
try, the commercial product, cork, 
being the outer layer of the Quercus 
suber and Quercus suber occidentalis 
species of evergreen oak. The inner 
layer of bark, or phellogen, is alive 
and acts as a base on which each 
year the tree adds a new layer of 
cork. As these succeeding new inner 
layers are added, the outermost lay- 
ers cease to be a living part of the 
tree and serve only ‘as an insulating 
wrapper protecting the tree against 
loss of moisture and against the hot 
winds known as siroccos in the West- 
ern Mediterranean region. 

It has apparently been known 
since Greco-Roman times that this 
outer bark could be removed without 
injury to the tree. The process cf 
bark removal is known as stripping, 
and the same methods are being 
used in the United States that have 
been successful in Europe and North 
Africa. Two cuts are made around 
the tree with a sharp two-bladed 


hatchet, one cut at the ground level 
and the other just below the main 
branches (or at the height pre- 
seribed by law in most of the Old 
World cork-producing countries). 
Two vertical cuts following natural 
crevices in the bark are made, join- 
ing the horizontal cuts. The wedge- 
shaped hatchet handle is then insert- 
ed under the loosened bark and the 
whole sheet is pried off. The larger 
lower branches may be stripped in 
the same manner. Care must be 
taken not to injure the inner bark, 
and stripping should not be under- 
taken while a hot wind is blowing 
as the newly exposed phellogen will 
be dried out too rapidly. Neverthe- 


. less, the middle of the summer is 


the accepted stripping season. 

The first stripping produces cork 
with a rough, grayish, uneven sur- 
face, known in the United States as 
‘‘virgin’’ eork, suitable only for 
grinding for cork insulation and, 
cork composition products. The sec- 
ond stripping is considerably better 
and, with the third stripping, fine 
quality cork is obtained. The trees 
are first stripped when 15-20 years 
of age and every 9-12 years there- 
after during the productive life of 
about 100 years. The stripped bark 
is piled and allowed to dry a few 
days in the forest. It is then ready 
for boiling, a process which softens 
the cork and increases its elasticity 
so that it can be flattened for baling. 
Boiling remgves dirt, sap, and tannic 
acid, and also softens the useless 
woody outer layer which is scraped 
off. The cork is dried, roughly sort- 
ed according to quality, and baled, 
ready to be taken from the immedi- 
ate area of production. 


MARKETING PRACTICES 


American cork production has 
been so limited and so intimately 
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connected with the cork manufactur- 
ers that a definite code of competi- 
tive marketing practices has not as 
yet been established in the United 
States. In order to see what may 
develop here, an examination of two 
marketing systems employed in the 
Mediterranean region follows. 

By one method the buyer pur- 
chases the cork bark in the forest be- 
fore stripping. Before purchasing, 
the buyer sends a sampler through 
the forest who removes a small ecylin- 
drical section of cork from repre- 
sentative trees much as a fruit dealer 
plugs watermelons. These dises are 
taken to the buyer’s office for careful 
examination before the buyer makes 
a bid to the forest owner. 

The second method involves the 
sale of the stripped cork bark at 
public auctions. Some of these sales 
are handled in a manner similar to 
American auctions, while others 
have the unique feature of starting 
at a high figure, the auctioneer grad- 
ually lowering the asking price until 
a bid is received. The first lots of 
cork offered are generally small, and 
are frequently purchased by small 
operators before the large buyers 
come in and take everything.‘ 

It should be re-emphasized that 
American cork production has been 
so limited to this time that neither 
the above nor other marketing prac- 
tices have been developed in the 
United States. 


CoMPETITION IN LAND USE 


The study of soils revealed that 
Mediterranean cork was produced 
on relatively poor soils, the leached 
subtropical and tropical reds and 
yellows, and the brown steppe with 
its alkaline accumulations frequent- 
dh Arthur L. Faubel, Cork and the American Cork 


Industry, New York: Cork Institute of America, 
1941, p. 16. 


ly forming a hardpan layer in the 
soil. In the United States, desert 
soils are supporting many mature 
cork oaks. Thus it is evident that 
the cork oak will thrive upon soils in 
which other vegetation is sparse. The 
United States contains hundreds of 
thousands of acres of the above men- 
tioned soil types that could be plant- 
ed to cork oak without crowding out 
or even infringing upon other econo- 
mies. Many of the recent plantings 
in America have been made along 
fence rows, roadways, and in pas- 
turelands. Few of the cork oak for- 
ests in the Mediterranean region are 
pure stands. The cork trees are 
often associated with olive trees, 


vineyards, or with other live oaks in 


pastures. Swine do very well feed- 
ing upon cork and other oak acorns. 
The pork of acorn-fed swine is said 
to have a very desirable piquant 
flavor. These concomitant land uses 
permit a sizable income per unit of 
land. ' 


CoMPETING PRropUCTS 


As mentioned in the opening para- 
graphs, no single acceptable substi- 
tute for cork has been found. Some 
of the materials used in place of cork 
are just as scarce as cork and are 
critically needed for other uses, as 
was found during World War II. 
Even for packing material, military 
technicians could find no successful 
substitute for cork. Materials such 
as pine needles and dried grasses 
were tried but none had all the quali- 
ties of cork—heat resistance, buoy- 
ancy, and strength. Barks of other 
trees, such as Pao Santo, Douglas fir, 
and other true firs have been studied 
and tested, but none has proved en- 
tirely satisfactory. To compete with 
natural cork in normal times, other 
barks must be cheaper, more readily 
accessible, or better than cork. At 
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TABLE 2.—Unirep Srares Imports OF 
UNMANUFACTURED CorRK® 
(Thousands of pounds) 








Year M Pounds 
RE 5 iF oe VSS een 223,091 
=: EIRAERE TAR bone ae ory ted eer 229,671 
1 ORES parts Saris og Meee nee 267,598 
RRR rs Bat RA I eS 174,615 
|) SR NIE re, he batgktrer whe wr ae 135,401 
WOON 624 ous Hoa Ree aed eee 118,438 
WS a tas oss os tke teas ees 187,184 
MS ists chk ys Behance eee 122,565 
Be Ss COR hae eae te aces oe 153,076 
RDS oh see Sees ee ae cae eS 216,390 
BN ried ded eens Lae abe ewe 322,898 
| GSES PU Seine rate Rot 158,381 
RN i eat eager tear Ss aire gre a 227,575 
SEB age separ h im Wi te Saree ere 318,336 
BUS Bi ca eke s ee ae be a 189,629a 
SP ho pei aise a Sie ee eee 265,453b 








aFrom Foreign Commerce and Navigation of 
the United States. Calendar Year 1944, Vol. 1, 
Import and Export Statistics, p. 199. 

bJbid. Calendar Year 1945, p. 133. 


present they are none of these. Her- 
man M. Kulman has patented a syn- 
thetic substitute made from peanut 
hulls.® It has been tested and judged 
‘aeceptable for use in bottlecaps, gas- 
kets, and wallboard, but is more 
expensive than natural cork. 

The discussion of the other nat- 
ural products and the synthetic ma- 
terial indicates that natural cork, to 
date, has been able to meet the com- 
petition of any and all substitute 
products. This is further borne out 
by the United States import statis- 
tics given in table 2. By 1945, 
United States imports of natural 
cork had again risen to a figure ex- 


ceeded only by three peak pre-war - 


years, indicating that very little, if 
any, of the United States demand is 
being filled by substitutes when 
natural cork is again available in 
large quantities. 


ForEIGN COMPETITION 


Since natural cork apparently can 
meet successfully the competition of 


® Mary Vv. Day, 
Commerce Weekly, pp. 54, 

* “Peanut Hull Cork, ” a Week (Novembet 
27, 1943), pp. 54, 58. 


“Cork _ to War,” Foreign 


substitute products, the competition 
faced by American producers will 
come from cork production abroad. 
There are at least two ways to meet 
this competition: one, with the aid 
of a protective tariff; and, two, by 
actually equalling or under-bidding 
the prices of Old World cork at the 
factory door. At present, unmanu- 
factured cork is on our free trade 
list, and a protective duty seems 
unlikely and probably undesirable 
at this time. Victor A. Ryan’s study 
showed that in terms of income per 
acre of cork oaks, based on actual 
American production costs and pres- 
ent Mediterranean prices, the 
American grower can compete with 
the Old World producer and deliver 


‘ bark at the American factory door 


at a lower figure.’ It would seem 
that a scientifically based American 
cork production industry should 
easily survive the competition of the 
Old World cork production industry 
as the latter is now being conducted’ 


OTHER PROBLEMS 


Other problems that American 
eork producers must face are cork 
oak diseases and insect pests. As 
yet, only the cork oak eynipid has 
given trouble. This small insect has 
infested some California trees, kill- 
ing smaller twigs, and reducing the 
vitality and bark growth in some 
instances.*® 

Another problem involves the rate 
of growth of the cork bark. Al 
though it is known that xerophytes 
have no definite moisture require- 
ments, being able to tolerate more 
moisture while continuing to grow 
slowly, there is some acceleration in 
the growth rate of cork due to in- 


7 Ryan, op. cit., pp. 85-87. 
SE. 0. Essig, i The Cork Oak Cynipid in Cali- 
fornia,’ Journal of Economic Entomology, XXXVI 


(February, 1943), pp. 123-124. 
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creased precipitation. Since more 
rapid growth creates coarser struc- 
ture and less valuable cork, the 
regions of the United States in the 
potential cork area wetter than the 
Mediterranean region are at a dis- 
advantage compared to the drier 
American areas. They will lose 
more in price per ton of cork due to 
poorer quality than they will gain in 
weight by increased growth rates. 
On the other hand, trees in the wet- 
ter areas are larger producers of 
acorns, so important for planting in 
the establishment of any future cork 
production industry. Cultivation of 
the cork oak may increase the 
growth rate and imposes a problem 
as to the extent of cultivation eco- 
nomically desirable. 


CoNCLUSIONS 


The United States has had a con- 
stant and fairly consistent need for 
cork, an especially critical essential 
Mmaterial in wartime. The United 
States has within its borders vast 
areas having climate and soil char- 
acteristics similar to the present pro- 
ducing areas in the Mediterranean 
region; also it has other climatic 
regions in which cork trees are now 
growing. United States cork has 
been found equal in quality to Medi- 


terranean cork. The estimated re- 
turns of American cork production 
conducted scientifically would seem 
te compare very favorably with Old 
World cork production income on an 
annual income per acre basis. <A 
cork production industry in the 
United States could be established in 
addition to our present activities, 
with little or no infringement upon 
present use of productive lands; and 
there seem to be no technical prob- 
lems or difficulties of consequence. 
While the above facts may lead 
one to conclude that the establish- 
ment of a sizable cork production 
industry in the United States is in- 
evitable, further studies will be 
necessary to test the application of 
theory to practice, and to interpret 
the effects that economic and politi- 
eal developments in the world have 
upon cork production. At this time 
we ean only conclude that the United 
States seems to have the geograph- 
ical possibilities for cork production, 
and reiterate the statement of J. 
Russell Smith, made in 1929, that 
‘‘apparently there is no reason ex- 
cept inertia why we should not in 
time have an extensive cork (pro- 
duetion) industry in the United 
States.’’® 
95. Russell Smith, Tree Crops—A Permanent 


Agriculture. (New York: Harcourt, Brace and 
Co., Ine., 1929), p. 139. 
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WATER RESOURCE CONSERVATION IN ILLINOIS 


H. E. HUDSON, JR. 
State Water Survey, Urbana 


In common with the rest of the 
United States, Illinois has been ex- 
periencing growth in population, 
with resulting greater density of 
population, larger communities, and 
increasing opportunities for the af- 
fairs of men to infringe on the af- 
fairs of other men. Thus the way we 
treat our resources comes to have an 
increasingly important effect on 
men, far greater than was the case a 
few decades ago. 

With this increasing saturation of 
population has come development of 
a form of inertia, caused by the in- 
creasing growth of investment in 
business of every kind. A man now 
has a greater stake in his farm, in 


his factory, or in whatever enter- 


prise he is engaged in. It takes more 
capital to start an enterprise, and 
this leads to higher overhead costs, 
80 that men are much less amenable 
to changes in their way of doing 
things. This of course has led to 
regulation. Inevitably it will lead to 
increasing regulation in the field of 
resource development. If history 
repeats itself, we may expect the in- 
ereasing regulation to come at times 
of stress such as periods of war or 
periods of depression. Thus we 
must give thought to the needs of 
the future at times when conditions 
are ‘‘normal.”’ 


GENERAL SITUATION 


Figure 1 shows the principal 
sources of water supplies in Illinois. 
It will be noted that in a large part 
of southern Illinois, municipal water 
supplies are secured almost en- 


tirely from surface water sources, 
principally impounding reservoirs. 
Through the marginal drift area and 
through the minor rock well area, 
difficulty is noted in securing suffi- 
cient groundwater. for municipal or 
industrial use. 

There are exceptions to the 
above generalizations, where porous 
gravel deposits occur along streams 
or in buried bedrock valleys in these 
areas. 

In general, groundwater levels 
throughout Illinois have not been 
seriously affected by works of man. 
In certain locations, there have been 
minor effects caused by drainage 
activities, by dredging channels, and 
to some extent by the increased culti- 
vation of the land. A century ago, 
when little of Illinois was under eul- 
tivation and most of the soil was in 
prairie grasses, infiltration rates 
were high, and rates of penetration 
of rainfall into the earth were rapid. 

With the changing trend of use of 
land to cultivated crops such as 
corn and soybeans, infiltration rates 
have been reduced. There has prob- 
ably been some lowering of water 
tables owing to this change in land 
use, but no data are now available 
to measure the amount of the effect. 
The influence is probably relatively 
minor compared to the effects that 
are occurring in areas of large popu- 
lation, where heavy groundwater de- 
velopments have taken place. 


GROUNDWATER 


The occurrence of groundwater is 
determined by measuring water levels 
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in wells, by making pumping tests to 
observe the movement of those water 
levels, and by special chemical tech- 
niques to measure the movement of 
the waters and to identify their 
sources. 

Recharge of groundwater from 
precipitation is a very slow business. 
With a comparatively few excep- 
tions, it takes at best many months, 
and sometimes requires centuries. As 
Dr. Buswell, Chief of the Water 
Survey, has remarked, in some loca- 
tions our best solution is to have 
prayed for rain 5,000 years ago. 
Groundwater data indicate that, over 
about four-fifths of the state, water 
ean be secured in some quantity, but 
there are limits to the amounts that 
ean beobtained at any given location. 

Throughout northern Illinois it is 
possible to secure water in large 
quantities from wells drilled deep 
into the bedrock. In the east central 
part of Illinois, comparatively large 
volumes can be secured from wells 


drilled in the glacial drift. At many 


locations in the state there are lim- 
ited deposits of sand and gravel that 
can yield sizable quantities of 
water, but these are difficult to locate 
and evaluate, requiring careful en- 
gineering study in each separate 
case. ; 

For the most part our ground- 
Water resources are healthy, un- 
affected by human activity. But at 
places where large concentrations 
of population have relied on ground- 
water, symptoms of trouble are ap- 
pearing. These local problems have 
led many to suspect that ground- 
Water resources over the whole state 
were failing. It is true that there 
have been difficulties at Chicago, 
Joliet, Rock Island, Peoria, East St. 
Louis, and Champaign-Urbana. 
Some of these local situations have 
become quite acute, most noticeable 
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being that at Chicago, where water 
levels in deep wells are now as much 
as 500 feet lower than they once 
were. The lowering of water levels 
in heavily pumped areas affects less 
than five percent of the area of Illi- 
nois and, from the point of view 
of depletion of total water resources 
available in the state, it is not of 
great importance. Outside these 
areas of receding water levels there 
are large quantities of groundwater 
available which can be developed, al- 
though the costs of these new sources 
will be greater than the cost of the 
present groundwater development. 
More than half the total popula- 
tion of Illinois is housed in the small 
portion of the state in which 
groundwater levels have been low- 
ered by heavy extraction. These 
groundwater recessions therefore are 
of major importance to a large and 
vital section of Illinois’ economy. 
The fact that the groundwater diffi- 
culties are limited in areal extent 
must not be allowed to obscure the 
influence of these effects on a major 
portion of the state’s population. 


TABLE 1.—INDUSTRIAL USE OF 
GROUNDWATER 




















Total use | Per capita 
Mil. use 

Metropolitan area | Gal./Day | Gal./Day 
Los Angeles, Calif.. 360 124 
Long Island, N. Y.. 280 61 
Houston, Texas. . . 170 333 
Memphis, Tenn... . 105 316 
San Antonio, Texas 100 313 
E. St. Louis, Ill... . 89 736 
Peoria, Ill......... 85 680 

Philadelphia, Pa.— 

Camden, N. J..... 85 29 
Dayton, Ohio. .... 85 | 313 
Chicago, Ill....... 84 21 








Table 1 shows a summary of 
groundwater use in the 10 largest 
areas of industrial groundwater de- 
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velopment in the United States. It 
is interesting to note that three of 
these areas are located in Illinois: 
Chicago, Peoria, and East St. Louis. 
It is even more interesting to note 
that, of the 10 largest industrial 
groundwater developments (proba- 
bly the largest 10 in the world), the 
two most intensive developments, 
when considered on a basis of the 
amount of water taken per person 
per day are East St. Louis and 
Peoria. Water is a major factor in 
industrial development, and it has 
been an extremely important factor 
in the growth of the state. 


SurRFACE WATER 


The rain that falls in the state and 
some that falls in our neighbor 
states, Indiana and Wisconsin, can 
travel three paths. It can evapo- 
rate; about two-thirds of it does. It 
can run off into streams; about one- 
third of it does. It could soak down 
into the earth to become part of our 
groundwater supply. Our best 
arithmetic indicates that only a very 
tiny fraction gets into the ground- 
water supply. 

We measure the amount of sur- 
face water that occurs in Illinois 
through stream gaging installations 
operated by the ,U. S. Geological 
Survey office in Champaign. Another 
important part of the surface water 
study is the measuring of water 
quality, done by chemical analyses 
carried on in our laboratories. 

Streams dry up at times and can- 
not be relied on to produce a depend- 
able constant yield. Man therefore 
resorts to construction of impound- 
ing reservoirs to store water for the 
dry periods. Illinois has available 
approximately 600 useful reservoir 
sites. We have about 500 lakes and 
reservoirs. You can see that we 
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have used a substantial proportion of 
the sites available; it is therefore of 
great importance that we use wisely 
those that remain. In the past, reser- 
voirs have been constructed without 
full regard to soil and water relation- 
ships. Recent surveys indicate dis- 
turbing silting rates. We have come 
to realize that the conservation of 
soil is an essential to preservation of 
surface water resources. Unless we 
can succeed in keeping the topsoil 
on our farms, our society will come 
to an abrupt realization that the 
farms are no longer valuable, and 
the reservoir sites are full of sedi- 
ment. Present data indicate that 
this may become a real problem dur- 
ing our children’s lifetime. 

If we are thrifty with our surface 
water resources, safeguarding them 
against silting and polluting, Llinois 
will have enough supply to support 
a population 10 times as great as it 
now has without re-use of water. 
Re-use techniques, using the watér 
after self-purification in streams or 
after special chemical purification, 
would let Illinois support a popula- 
tion many times greater yet. 

Our surface water resources are 
adequate for any foreseeable needs 
of the state, but they can seriously 
deteriorate if we fail to husband 
them. 


Sort-WATER RELATIONSHIPS 


The principal source of turbidity 
in most rivers is the erosion of soil 
from the land. This is clearly illus- 
trated by considering the [Illinois 
River Valley. It is calculated that 


the total amount of suspended mate- 
rial which would be discharged into 
Illinois River by populations which 
use it as a place of waste disposal 
would amount to approximately 
75,000 tons per year if sewage were 
untreated. This would average about 
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Fic. 2.—Soil particles leaving the cul- 
tivated field. 


8 to 10 parts per million. Modern 
sewage treatment methods could re- 
duce this by about 90 percent: the 
total suspended solids discharged in- 
to the river from treatment* plants 
thus averages about one part per 
million. 

In comparison, the amount of 
silt which reaches the river from 


| eoding agricultural land is estimat- 


ed at 6 million tons annually or 418 
parts per million. The problem of 
darifying the Illinois River is 
therefore to a large extent an agri- 
cultural problem, although it is also 
apollutional problem. The soil par- 
tices which discolor the Illinois 
River originate on the cultivated 
farmland of the drainage basin, as 
ustrated in figure 2. The answer 
to the problem lies in the establish- 
ment of practices and farming meth- 
ids that will reduce the loss of soil 
from farms. Establishing these 
practices is a slow job, but the 
Gounty Soil Conservation Districts 
are at work on it. 


Source or Som Pouuution 
IN ILLINOIS 


Most people think of erosion as a 
phenomenon that occurs primarily 
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Fie. 
small stream in Illinois. 


3.—Sediment dé@posit along a 


on steep lands, frequently taking the 
form of gully erosion. State Water 
Survey studies indicate that the bulk 
of the sediment does not come from 
steep land. Most of the sediment 
reaching Illinois streams comes from 
sheet erosion of comparatively level 
or gently sloping lands, lands which 
are being used for production of in- 
tertilled crops (corn and soybeans). 
Difficulty arises due to the fact that 
the land is kept bare by continual 
tillage so that it is more readily 
erodible. The absence of a protec- 
tive cover of vegetation intensifies 
the action of splash-erosion by rain- 
drops. From the farms the silt finds 
its way through drainage ditches 
and small streams into the major 
tributaries and thence into the main 
river. Along each of the small 
streams and major tributaries, some 
of the sediment is deposited. Figure 
3 shows a sediment deposit along the 
course of a small intermittent 
stream. A substantial proportion of 
the silt, however, still reaches the 
main river. 

A century ago the Illinois River 
valley was an area largely devoted 
to prairie and timber. An analysis 
of the soil survey maps indicates 
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that of the total area of the Illinois 
valley in Illinois, 21 pereent was 
originally timberland, 61 percent 
was prairie, and 18 percent was ter- 
race and bottomland soils. 

The Illinois program of sedimen- 
tation study is built around work by 
the State Water Survey in measur- 
ing the actual amount of sediment 
accumulated in reservoirs, and in 
compiling the hydrologic and en- 
gineering facts relative to each of 
the reservoirs. The lake owners 
provide records of construction, 
modifications and use, and labor to 
aid in the actual surveys. The Office 
of Research, Soil Conservation Serv- 
ice, contributes technical advice and 
guidance and furnishes some of the 
equipment for the work. 


Cooperating in the studies, the 
Soil Conservation Districts within 
the counties, which are operated by 
local farmers, collect data on the 
erosion on the land. The data in- 
clude complete or sample surveys of 
conditions on the watershed for each 
reservoir surveyed, such as location 
of eroding areas, extent and degree 
of erosion, slopes of land, and soil 
groups involved in the erosion pro- 
cess. The Agricultural Experiment 
Station of the University of Illinois 
analyzes samples of sediment taken 
during the engifeering survey of 
the lake to determine the source of 
the sediment. The Experiment Sta- 
tion also summarizes the conserva- 
tion survey data furnished by the 
local districts and directs the analy- 
sis of the survey so that the pbdints 
of most serious erosion may be de- 
termined. 

Figure 4 shows a sediment deposit 
in a public water supply reservoir on 
the Illinois River basin. 

Under this cooperative program, 
the Water Survey has been involved 
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Fic. 4.—Deposit of silt in an Illinois 
reservoir. 


in the surveying of 14 reservoifs, 
eight of which are located in the Ilhi- 
nois valley. (See fig. 5.) In choosing 
a site for survey work it is necessary 
to give consideration to kinds of soils 
involved in the watershed, as deter- 
mined from basie data furnished by 
the State Soil Survey, and on many 
other factors, such as the rainfall, 
the topography of the land, and the 
farming practices in the area of 
study. 

The results of the Illinois surveys 
are summarized in figure 6. The 
amount of silt that arrives in reser- 
voirs is shown as the vertical axis, 
and the size of the contributing 
watershed is shown as the horizontal 
axis. From this graph it is seen that 
the contribution of silt into reser- 
voirs from small watersheds is great- 
er per square mile than the amount 
of silt that arrives in reservoils 


which reeeive the flow from large 
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watersheds. This occurs because a 
portion of the sediment drops out of 
the flow of water enroute from the 
int of erosion to the reservoir. 
There is a substantial loss of sedi- 
ent on small watercourses along 
way (fig. 3). 
_ Figure 6 does not ‘edieate that 
Mision i is worse in small watersheds 
in large ones, but rather that 
less sediment per square mile arrives 
i the large reservoirs than in the 
llones. The average annual rate 
sediment production on the small- 
watershed studies is in the neigh- 
hood of 3 acre feet per square 
e, which checks reasonably well 
a mean figure of 7 tons of sedi- 
t per acre, estimated by studies 
the land. 


Swwrmne Rate or ILuiNors River 











ms An analysis of the data shown in 

figure 5 makes it possible to estimate 
; what is happening in the Illinois MAGGS STATE WATER sunveY 
Ss, § Valley. Using existing reservoir 


b- sufvey data, the amount of sediment 
ing 


” 10 


Fic. 5.—Reservoir sedimentation sur- 
veys in Illinois, April 1, 1950. 





oils 
ter- 
by 
any 
fall, 








the 
. of 





veys 





The 
egel- 
axis, 
iting 
yntal 


sicT — acre rt f/se mi /vEAR 


Oo = 
a oo 

















2 


that 


0.1 to 10 





reat- 
1ount 
‘VOIrs 


DRAINAGE AREA — SQUARE 


Fig. 6.—Sediment production rates in Illinois. 
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Fic. 7.—Groundwater cross-section at Peoria. 


reaching the Illinois has been esti- 
mated, together with the amount of 
sediment that passes on out of the 
Illinois. We find that the total eros- 
ion in the Illinois valley is prob- 
ably in the neighborhood of 68 thou- 
sand acre feet per year. The amount 
of this sediment which reaches the 
Illinois River is of the order of 4,000 
acre feet per year. The amount 
which is discharged at the mouth of 
the Illinois is approximately 1,500 
acre feet of sediment per year, leav- 
ing about 2,400 acre feet of sediment 
deposited along the Illinois valley. 
If we estimate the length of the Illi- 
nois as 295 miles, and the mean 
available flood plain of the valley 
as 4,640 feet wide, we find that 
enough sediment deposits to cause 
the valley floor to rise at the rate of 
about one foot in 70 years. The 
rate of sedimentation in the channel 
proper is probably considerably 
higher. 


Figure 7 shows the situation which 
has developed at Peoria. The figuré 
depicts a cross-section through the 
city of Peoria taken as shown in the 
heavy dashed line in the upper 
righthand portion. It is a cross- 
section at right angles to the river 
at the bottom of the Peoria lake, at 
the beginning of Peoria Narrows. In 
this cross-section it may be seen that 
groundwater levels in 1933 were 
generally higher than those in the 
river. The heavy industrial use 
which has grown in the last few 
decades at Peoria has resulted in a 
lowering of groundwater levels to 
the point where, in much of the 
Peoria region, groundwater levels 
are now far below the level of the 
water in the river. In most situa- 
tions it is expected that the creation 
of such a situation will lead to dis- 
charge of water from the river into 
the ground. Water Survey studies 
indicate that this happens to a very 
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small extent at the locations shown, 
so that the groundwater deposits in 
the Peoria region must depend pri- 
marily on water entering them from 
other sources than the Illinois River 
(1). Thus the presence of sediments 
in the river exert a marked adverse 
effect on the availability of ground- 
water for industrial use. 


SUMMARY 


There is an extraordinary rela- 
tionship between soil and water re- 
sources which is not given adequate 
consideration. It is a complex rela- 
tionship, but the basie facts are 
known and can be applied in the in- 
terest of conservation of surface 
water. 

Over-development of groundwater 
resources is taking place at a few 
areas in Illinois. Eventually the 
cost of pumping the water from 





progressively greater depths may be 
a stronger controlling factor than 
any legal conservation measures. In 
the Chicago area this may mean a 
greater demand on Lake Michigan, 
where from the engineering point 
of view a considerably larger with- 
drawal could be made. 

There are solutions for every 
water shortage occurring in Illinois. 
It is our responsibility to spotlight 
the facts on water resource availa- 
bility and use. As the activities of 
men cause increasing interferences 
in the use of water resources, and 
regulation comes to be advocated, 
these facts will become the basis for 
deciding what is to be done. 


REFERENCE 


(1) “Groundwater in the Peoria Re- 
gion,” Illinois State Water Survey 
Division Bulletin 39, 1950. 
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SLOPE STUDIES OF NORTHERN ILLINOIS 


WESLEY CALEF 
University of Chicago 


In recent years considerable inter- 
est has arisen in the quantitative ex- 
pression of differences and similari- 
ties of terrain from region to re- 
gion... However, most of these 
studies have been primarily con- 
cerned with a technique or method 
of analysis and representation, and 
have generally been exemplified by 
a single area. The applicability of 
these methods to various types of 
terrain and a comparison of results 
obtained from different landform 
regions has been largely, though not 
entirely, neglected. Moreover, none 
of the papers has presented any ap- 
praisal of the results of such investi- 
gations in terms of the results or, 
more especially, of the results as 
evaluated in terms of the number of 
data required and the time involved 
in their analysis. This paper re- 
ports results from the utilization of 
only two techniques, neither of them 
new. 


RELATIVE RELIEF 


The first method is ‘one introduced 
by Guy-Harold Smith in a map of 
‘‘The Relative Relief of Ohio.’’* The 
method of caleulation is simple. 
From topographic maps of an area 
the difference between the highest 
and lowest point in each five-minute 
rectangle is ascertained. These 
values are then entered on the manu- 
seript map and isolines are drawn 


1A large number of these studies are summarized 
and discussed in: Louis A. Wolfanger, Landform 
Types, Mich. Agric. Exp. Sta. Tech. Bull. 175, 
East Lansing, Mich. 

2Guy-Harold Smith, “The Relative Relief of 
Ohio,” Geog. Rev., Vol. 25, 1985, pp. 272-284. 


connecting the center of all rec- 
tangles having the same values. 

Two areas in the United States 
have been mapped using this method 
—the state of Ohio by Smith® and 
the Driftless Area of Minnesota, 
Wisconsin, Iowa, and Illinois by 
Smith and Trewartha.* The Drift- 
less Area contains areas of low relief 
on its margins, and Smith and Tre- 
wartha, by shading heavily the criti- 
eal relief range were able to show 
strikingly that the borders of the 
Driftless Area coincided remark- 
ably well with a particular local 
relief range. Western and north- 
western Ohio have very considerable 
areas of moderate or slight relief 


7 
and these, of course, were represent- 


ed on Smith’s map of the state. 
However, in both of these areas sec- 
tions of low relief made up only a 
small part of the total area. 

The principal objective in apply- 
ing the method to northern Illinois 
was to determine from a compara- 
tive study of the various relative 
relief maps produced and the topo- 
graphic maps of northern Illinois 
what results could be obtained in the 
representation of smaller differences 
in local relief in an area of predom- 
inately low relief. 

Figure 1 shows the local relief of 
northern Illinois using the method 
developed by Smith and using the 
same relief value limits. Five con- 
clusions can be reached almost im- 


8 [bid. 

*G. T. Trewartha and G.-H. Smith, “Surface 
Configuration of the Driftless Ouestaform Hill 
Land,” Annals Assoc. of Amer. Geographers, 
Vol. 31, 1941, pp. 25-45. 
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SMITH METHOD 
LOCAL RELIEF —NO. ILLINOIS 


LE@END 
































~ Fic. 1. 


mediately from the most cursory 
inspection of the map: (1) the over- 
whelming preponderance of the land 
,in northern Illinois has less than 
200 feet of local relief; (2) the gla- 
cial lake plain of Chicago, much of 
the Kankakee River drainage way, 
and the Grand Prairie area have 
very low relief—less than 100 feet; 
(3) the only section of northern Illi- 
nois having strong relief is the Drift- 
less Area in the extreme northwest 
corner of the state; (4) lands imme- 
diately adjacent to the Middle Illi- 
nois Valley have moderate local re- 
lief, and (5) the outwash plain south 
of the Rock River in the Prophets- 
town area and eastward is an area of 
low relief. 

Very little else of value can be as- 
certained. The tongue of moderate 
relief (201-300 feet) extending 
southward from the northern border 
west of Rockford undoubtedly re- 
flects the influence of the Marengo 
moraine but it is wider than the 


moraine and bears little relationship 
to its form. The compact area west 
of the Fox River occupies part of the 
morainic knot in central Kane Coun- 
ty but it bears no significant rela- 
tionship in either shape or size to 
the terrain situation in the area 
viewed either in the field or on topo- 
graphic maps. The greatest relief 
in the southern part of the map oe- 
curs where the Bloomington moraine 
erosses the Illinois River valley. 
Other minor features have even less 
significance. 

In ecaleulating local relief from 
contour maps having a 20-foot con- 
tour interval it is obvious that there 
will be more rectangles having val- 
ues that are multiples of 20 than are 
multiples of 10 only. In the con- 
struction of any isopleth map it is 
better to use value limits that have 
a low frequency than limits having 
a high frequency of occurrence. An- 
other map was constructed using 90 
feet and 190 feet as the value limits 
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Fie. 2. 


instead of 100 and 200 feet (fig.2). 
All the major generalizations appar- 
ent on the first map are equally ap- 
parent on figure 2, but the borders 
of the major areas and the shapes 
and sizes of many of the minor areas 
are quite different. Some of the new 
outlines of these minor areas seem 
to be more meaningful in terms of 
portraying actual terrain condi- 
tions ; about an equal number appear 
less so. ‘ 


Once the local relief values have 
been entered on the base map any 
number of relative relief maps can 
be constructed on overlays using 
any relief value limits that are de- 
sired. Several other local relief maps 
using various relief value limits were 
constructed. Several of them had 
much lower value ranges. On all 


the maps the main outlines of local 
relief conditions in northern Illinois 
were clear; on none of them, in the 
author’s opinion, were minor fea- 


tures any more satisfactorily por- 
trayed than on the maps illustrated. , 

Smith and Trewartha have sug- 
gested that experimentation be made ~ 
to discover a particular size ree- 
tangle that will portray conditions 
more satisfactorily in any particular 
IO 1aB1V] B JOYE POM UBY} UOTsaI 
smaller rectangle. The author car- 
ried on no experiments of this kind, 
because of his conviction that what- 
ever was gained in the portrayal of 
local areas by varying the size of the 
rectangle would be more than offset 
by the greatly added difficulties to 
inter-regional comparison that 
would certainly result from using a 
variety of different sized rectangles 
from region to region. 


AVERAGE SLOPE CONDITIONS 


An isarithmie map of average 
slope can be constructed for an area 
in a manner similar to that of a map 
for relative relief except that values 
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WENTWORTH METHOD 


AVERAGE SLOPE — NO. ILLINOIS 
BY 5° RECTANGLES 
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for average slope of a 5-minute ree- 
tangle as calculated by a method 
promulgated by Wentworth® are 
nsed instead of local relief. It must 
be kept clearly in mind, however, 
that the two concepts are not the 
same. It is possible for an area to 
have strong local relief and com- 
paratively low-angle slopes, or con- 
versely for an area to have low local 
relief and high-angle slopes. 

Figure 3 shows a map of northern 
Illinois constructed by this method. 
No sharp general conclusions are im- 
mediately apparent. The Chicago 
lake plain shows up as an area of 
very low slopes as does a small sec- 
tion around and south of Kankakee. 
The extreme northwestern area is the 
only large division having steep 
slopes. In a very general way it 
may be noted that the areas flank- 
ing the three major rivers of north- 


°(. K, Wentworth, “A Simplified Method of 
Determining the Average Slope of Land Surfaces,” 
ese. of Science, Series 5, Vol. 20, 1930, pp. 
-194, 


ern Illinois—the Rock, Mississippi, 
and I[llinois—have somewhat steeper 
slopes than the areas farther remov- 
ed from these valleys. But with the 
exceptions just noted, the pattern 
appears to bear no significant, visible 
relationship to actual slope condi- 
tions in the area portrayed. 

In the average slope maps, how- 
ever, a somewhat better map may 
be produced by using other slope 
value limits. In figure 4 the Chicago 
lake plain is much more satisfactor- 
ily delimited and the southeastern 
corner of the map stands as a clear- 
cut single area having universally 
low-angle slopes. Moreover, the mo- 
rainie belt circling the south end of 
Lake Michigan stands out quite 
clearly from the flanking areas of 
smoother terrain. There is a much 
stronger suggestion of the smooth 
cutwash plain south of the lower 
Rock River. Elsewhere on the map 
the representation seems no better 
or no worse than that in figure 3. 








114 Illinois Academy of Science Transactions 








WENTWORTH METHOD 
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Fra. 4. 


EVALUATION OF RESULTS 


The local relief method of expres- 
sing quantitative differences in ter- 
rain appears to be a useful and prac- 
tical method when applied to areas 
of considerable size. Regardless of 
the relief value intervals used, major 
differences in local relief stand out 
clearly. Smaller details of the re- 
sultant patterns are ordinarily al- 
most meaningless. The method ap- 
pears best adapted to small scale 
maps.° The method has two further 
advantages from the standpoint of 
practicability. First, the work can 
be done rapidly. This is especially 
true if the relief value limits are de- 
termined in advance. A rapid in- 
spection of each rectangle will indi- 
cate whether or not the maximum 
relief figure will fall near a value 
limit. If it does not, then it is un- 
necessary to determine precisely the 





°In many cases small local details, resulting 
es from statistical accident, might best be 
omitted. 


absolute extreme values. It should 
be kept in mind, however, that if 
the relief of each rectangle is ex 


pressed only in terms of a value, 


range it will be impossible to make 
more than one map from that set of 
data. Secondly, less reliable data 
will give satisfactory results. This 
is especially important in areas 
where the topographic maps are old, 
on small seales, and have large con- 
tour intervals. 

The method of average slope de- 
piction appears much less useful. 
Caleulations using this method are 
much more time consuming. Even 
with practice it is not possible to 
count an average of more than two 
sheets per hour. Moreover, if the 
work is done steadily for more than 
en hour it becomes a great strain 
on one’s vision. 

If the results were highly satis- 
factory they might well be worth 
the laborious procedure necessary to 
obtain them. But in an area such as 
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northern Illinois this does not ap- 
pear to be true. The concept of 
average slope is meaningful only in- 
sofar as the majority of the slopes in 
an area have some approximation to 
the average slope. In very large 
sections of northern Illinois, flat 
interstream areas are interspersed 
with steep slopes along the narrow 
valley sides. The resultant average 
slope figure is nothing more than 
a meaningless statistical average 
which merely conceals the facts of 


actual slope conditions in such an 
area. 

Finally, reliable topographic maps 
are necessary for calculations of av- 
erage slope. Since reliable and de- 
tailed data are necessary for the con- 
struction of such maps, it appears 
to the author that if such data are 
available some better method of ex- 
pressing slope conditions in an area 
ean be devised. Experiments on the 
problem are proceeding at present. 
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GEOLOGY 


STUDENT PROJECTS AND THEIR PLACE IN 
GEOLOGIC EDUCATION 


FRITIOF FRYXELL 
Augustana College, Rock Island 


The suggestion has been offered 
that it would be appropriate at this 
meeting to make some remarks con- 
cerning the work in geology at Au- 
gustana College. Back of this sugges- 
tion was the thought that most geolo- 
gists present are university men, who 
may not have much familiarity with 
what goes on in the little world 
which is the one-man or two-man 
geology department of a liberal arts 
college. Also, a glimpse into the 
activities of one such department 
might be of some interest to the 
geology teachers from sister colleges. 

I must forego any historical intro- 
duction, other than to note that at 
this college geology has been taught 
for almost three-quarters of a cen- 
tury. The pioneer teachers, Josua 
J. H. Lindahl and his student and 
successor, Johan A. Udden, were 
exceptional men who placed scien- 
tific instruction on a basis that was 
both sound and broad — broad 
enough to include geology almost 
from the beginning. 

Twenty years ago a full major in 
geology was introduced in the cur- 
riculum, so that this science was 
placed on the same basis as the re- 
lated disciplines of chemistry, phys- 
ies, biology, and mathematics. Au- 
gustana was the first Lutheran col- 
lege in the country to take this step 
—several have since followed its 
example—and it did so because the 
men who were then the academic 
leaders of the institution believed 


that the cultural value of geology 
justified such increased emphasis. 

Full departmental status involved 
new, advanced courses, which in turn 
necessitated additional equipment 
and supplies. A modest initial bud- 
get sufficed for purchase of study 
collections, maps, and a few essen- 
tial instruments, but much else seem- 
ed necessary for a_ well-equipped 
department. With reference to such 
needs, the Physics Department 
seemed to have a good working solu- 
tion: what one can’t buy, build. 
There remained the problem, to be 
sure, of how an instructor was to do 
this with a schedule which regularly 
included four or five different 
courses. 

In the new department, a solution 
early presented itself with the as- 
signment of an undergraduate stu- 
dent assistant to the department. 
This assistant, R. W. Edmund, had 
the traditional farmer boy’s re- 
sourcefulness and capacity for work, 
and given free reign to go ahead on 
his own had presently equipped the 
department with useful wall charts, 
structural models, relief maps, mod- 
els illustrating construction of topo- 
graphic maps, and other teaching 
materials which are still giving good 
service—not to forget his opus 
magnus, a working geyser model 
which could be operated before the 
class, and which no student could 
ever forget because it erupted with 
such startling abruptness, the first 
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Student Projects in Geology 


spurt of water always hitting the 
ceiling. 

When Edmund graduated—hap- 
pily to return fifteen years later— 
the principle of student collaboration 
in our work had become pretty firm- 
ly established. I say ‘‘our’’ because 
I am speaking also for the several 
geology teachers who at various 
times have been on the staff: Leland 
Horberg, Chester Johnson, Troy 
Péwé, Barbara Hender Morris, and 
Rudolph Edmund. However, this 
principle—if “it may be dignified 
with so formal a term—was long in 
operation before it was recognized 
and its possibilities consciously de- 
veloped. For only gradually was it 
realized that in almost every geology 
class there are students who become 
so interested in the problems of their 
course that they will welcome an op- 
portunity to do volunteer outside 
work in it. By encouraging such 
spontaneous interest wherever it ap- 
peared, and by directing it into spe- 
tific, constructive channels, eventu- 
ally a situation developed in which 
much of the work in the department 
was in the hands of the students, and 
this has continued to be the case. 

How this has worked out may be 
made clear by some illustrations. 
Eugene Wittlake, intrigued by the 
dramatic sweep of Cenozoic mamma- 
lian development, undertook prepa- 
ration of a display depicting the 
evolution of the horse. This display 
proved so useful that Lorenz Peter- 
son undertook a parallel project for 
a representative invertebrate group: 
the evolution of the Cephalopods. 
Keith Hussey, becoming involved in 
the Daemonelix problem, drove out 
to western Nebraska, studied these 
curious fossils in the field, and ecol- 
lected a good specimen which he 
hauled back to the college, there pre- 
paring the museum mount which 
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still stands as a record of his under- 
graduate enthusiasm. Vernon Swan- 
son constructed a geological column 
showing the formations penetrated 
by a deep well two blocks west of the 
campus; this column, mounted just 
inside the door of the museum, has 
been useful in many ways. Barbara 
Hender Morris classified the Mazon 
Creek collection built up during 
many years of annual field trips to 
that locality. Students with a flare 
for writing, like Jean Soady, have 
issued Departmental News Letters. 
Others, especially interested in mu- 
seum work, like Donna Builte, have 
aided with making labels, number- 
ing and cataloging, and arranging 
displays. Still others have assumed 
responsibility for programs of geo- 
logical films, presented to the gen- 
eral student body. Wendell Swan- 
son has just constructed some dis- 
play cases which we badly needed 
but could not purchase. This year 
Richard Edmund, Donald Danz, and 
John Rakus have been engaged in 
constructing a stream table, now well 
on the way to completion. Dick 
Fetzner and Kenneth Larson have 
been busy with a geyser model to re- 
place the now legendary one built by 
Edmund years ago. Recent pur- 
chase of a rock saw and polishing 
equipment have opened up a variety 
of new possibilities. 


Not all these projects can be dis- 
played, but we hope that some of 
our visitors, despite their crowded 
schedule, may find it possible to 
visit the Geology Museum in Wall- 
berg Hall, which houses many ex- 
hibits, most of them relating to verte- 
brate paleontology. There you will 
see two large ichthyosaurs, salvaged 
as fragments from an eastern ware- 
house which burned to the ground, 
which were reassembled by Charles 
G. Johnson till almost as good as 
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new. Joseph Hoare found prepar- 
ing fossils even more absorbing than 
varsity sports or the college choir, 
and his brother Richard now con- 
tinues his long-range project of 
mounting dinosaur bones. Ansel 
Gooding, an amateur archeologist, 
turned his hand to repairing fossils 
instead of pottery, and completed a 
number of jobs of high professional 
quality, including the fine Pterano- 
don skeleton on the north wall of the 
museum. Three years of tedious but 
intriguing work by five different 
students were required to complete 
the mounting of the mosasaur skele- 
ton which Mr. C. B. Campbell made 
available to the Museum. 

Projects like these have been un- 
dertaken in various ways: some 
purely as an expression of interest, 
and for the satisfaction of doing 
them; several as official, recurrent 
projects of the Geology Club; 
others, which involved actual re- 
search or much delving in the techni- 
cal literature, as seminars, for which 
students have received one or two 
senior college credits; and_ still 
others as projects undertaken by 
student assistants, who receive nomi- 
nal recompense for at least part of 
their time. 

It seems to us that student partici- 
pation in extracurricular activities 
such as these has béen all for the 
good. The impulse, whatever its 
nature, which launches a student on 
a project almost always develops in- 
to deep interest, and I suspect that 
long after he has forgotten many a 
classroom discussion he retains a 
vivid recollection of what he learned 
through his individual work. Some 
students have discovered or develop- 
ed special skills which later have 
proved useful in graduate school, or 
in their own professional work. And 
quite understandably, students de- 


rive lasting satisfaction from having 
made a significant, worthwhile con- 
tribution of some kind to the work of 
the department. 

It is to be expected that through 
deepened interest, developed in this 
way, some students might be led to 
choose geology as a major or even as 
a career. To some extent this has 
probably been true, but in encourag- 
ing student projects our purpose has 
always been to help the student grow 
into a fuller appreciation of the sub- 
ject matter of geology. We have had, 
if anything, a special interest in the 
student who, while preparing him- 
self for music, economics, or some 
other non-scientific field, has become 
sufficiently interested in geology to 


‘undertake volunteer work in it. The 


biology major who prepared our 
fossil horse material undoubtedly 
became a better biologist for his 
venture into paleontology; and the 
pre-seminary student who, through 
several years, made a hobby of work- 


ing up vertebrate fossils, is probably , 


a better clergyman for this enlight- 
ening, if somewhat unorthodox, ex- 
perience. 

To the institution, the advantages 
of student projects are quite self-evi- 
dent. A brief tour of the depart- 
ment will suggest how it has been 
enriched by illustrative material 
most of which could not otherwise 
have been provided, even if funds 
had been available. 

Also, through student assistance 
the instructors have been relieved of 
many time-consuming duties, and so 


freed to devote their best energies to 


actual instruction. Thus it has be- 


come possible for them to teach al- 
most all laboratory sections them- 
selves, rather than to delegate them 
to assistants. 

Most important, perhaps, has been 
development of, or at least approach 
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to, a situation in which teachers and 
class members become closely asso- 
ciated as fellow students, engaged in 
a common pursuit. This relation- 
ship is as desirable in the under- 
graduate work which is the province 
of the liberal arts college as it is in 
the higher levels of the graduate 
school. And among intangible val- 
ues such as these one would certainly 
include the vital personal interest 
and loyalty which students develop 
when they are allowed to become col- 
laborators “in the work of the de- 
partment—attitudes which are not 
likely to end with graduation. 

It is worth remarking that the 
Geology Museum, which thus has 
been developed mainly by the stu- 
dents, has extended its influence be- 
yond the campus. Not only are there 
daily individual visitors, here from 
off-campus, but the Museum is now 
in regular use by the science classes 
and clubs of the public schools of 
Rock Island and nearby cities, and 


‘ also by many other organizations 


such as boy scout and girl scout 
troops, Y. M. C. A. classes, amateur 
science clubs, and church organiza- 
tions. So far as possible, instructors 
or advanced students meet these 
groups, speak to them, and answer 
questions; and in many cases when 
groups in the community request 
talks on geology they are invited to 
come to the Museum, where they can 
be shown the actual documents which 
the geologic story interprets. 

The many small boys who come to 
the Museum with their puzzling con- 
cretions, alleged meteorites, and 
precious agates, or to solicit informa- 
tion on dinosaurs and saber-toothed 
tigers, are also very welcome, even 
though they leave grimy finger 
marks and nose prints all over the 
cabinets. 

The appreciation of these public 


school children and their harassed 
teachers, who often must teach geol- 
ogy units in general science courses 
when they have no background what- 
ever in the subject, is so real as 
often to be touching. I confess that 
we also find it rather sobering, for we 
have the growing conviction that 
helping these groups—the forgotten 
people, so far as geologic science is 
concerned—is one of the really im- 
portant things that we can do. One 
would like to believe that, some day, 
geologists will see to it that every 
community is provided with a geol- 
ogy museum, however small, stocked, 
perhaps, from the superabundance 
of the great museums in our large 
cities. Geology will not be the loser 
for such generosity to the children 
of today, who will become the tax- 
payers of tomorrow. In saying this 
I am not unmindful of the splendid 
work which the Illinois Geological 
Survey is doing along these very 
lines; rather, I would here acknowl- 
edge it. 

And so, at this college, while the 
main obligation continues to be the 
teaching of general geology to in- 
creasingly large numbers of general 
college students, we find ourselves 
reaching constantly toward two 
other somewhat diverging objec- 
tives: the preparation of a relatively 
small group of students for graduate 
study, on the one hand ; and coopera- 
tion with the community, especially 
the public schools, on the other. 

I realize that these remarks may 
not be wholly appropriate to this 
group, for admittedly they relate to 
the methods and purposes of geo- 
logie instruction rather than to the 
subject matter of our science. Also, 
they really present nothing new, for 
our experiences at Augustana have 
undoubtedly had their counterpart 
at many other like colleges. I sup- 
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pose that most other geology teach- 
ers have discovered, as we did, that 
they have been able to achieve their 
purposes only by taking their stu- 
dents into partnership with them, 
and that in trying to remedy the 
shortcomings of their small depart- 
ments they have unwittingly trans- 
muted weaknesses into elements of 
strength. 

It is axiomatic to say that stu- 
dents will become interested in a 
field to the extent that they give 


themselves to it, and that instruc- 
tion sueceeds in the measure that 
it becomes a cooperative venture. 
Yet these principles, old as educa- 
tion itself and applicable to all ages 
and levels of instruction, are so im- 
portant that it may not be too much 
out of order to re-emphasize them 
through one more repetition. And 
as geologists, we should realize that 
few subjects lend themselves to ap- 
plication of this basic philosophy of 
education as well as ours does. 
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SOME EASILY CONSTRUCTED MODELS FOR TEACHING 
OPTICAL MINERALOGY 


CARLETON A. CHAPMAN 
University of Illinois, Urbana 


The study of optical mineralogy 
generally offers considerable diffi- 
culty to the average student of ge- 
ology. Any method, therefore, which 
will enable the instructor to simplify 
the subject matter and enable the 
student to grasp the concepts in- 
volving three dimensions may be 
considered worthwhile. 

A definite contribution to the sim- 
plification of teaching as well as 
learning the fundamentals of opti- 
eal crystallography has been made 
by those who have suggested or des- 
cribed the numerous kinds of models 
which illustrate the various optical 
and crystallographic phenomena. At 
one extreme are those models so ela- 
borate in their nature as to require 
great skill in construction. At the 
other extreme are models so simple 
in their makeup that they may be 
readily prepared by almost anyone. 
This paper deals with models of the 
latter group; and although these 
models are relatively simple in their 
construction, they have, nonetheless, 
proved very successful in teaching 
mineral optics, and have greatly aid- 
ed those students who have experi- 
mented with them. 

Most of the models described in the 
literature for representing the var- 
ious relationships between optical 
and crystallographic properties con- 
sist of transparent glass, celluloid 
or plastic-like crystal forms within 
which the crystallographic axes and 
principal optical directions are rep- 
resented by ruled lines, wires, or 
threads. Most of these are permanent 


and can be constructed with con- 
siderable accuracy. Any one model 
is somewhat restricted in its use; a 
different model must be prepared to 
represent each set of relationships. 
Such models do not, therefore, per- 
mit the flexibility required for dem- 
onstration and for student use as 
do the simple types described in this 
paper. 

It is not intended here to consider 
models other than for biaxial erys- 
tals. If models for other optical 
types are desired, they can be pre- 
pared with little difficulty. It is 
hoped that the few examples given 
below will suggest to the reader ideas 
for making new models and simpli- 
fying or improving older ones. 


DEMONSTRATION MODELS FOR 
BIAxIAL CRYSTALS 


Satisfactory models may be made 
of soft pine by cutting blocks of 
desired lengths from good quality 
2 x 4 inch material. These blocks 
can be shaped into solid models with 
the crystal faces desired. For sim- 
plicity, models with only the three 
pinacoidal forms are illustrated here, 
but it will be found desirable to pre- 
pare some models with a prism form 
and perhaps with domes and bi- 
pyramids. 

Orthorhombic models—aAn or- 
thorhombie model about 134 x 25% x 
4 inches is quite satisfactory, and 
when finished appears as in figure 
1. The two rows of dots on each face 
represent small holes drilled directly 
toward the center of the model to 
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a depth of about one-half inch. The 
points of intersection of the rows of 
holes lie at the centers of the pina- 
coids and the rows are parallel to 
the erystal axes. If round wooden 
sticks, about two inches long, are 
now inserted in the six holes at the 
intersections of the rows, the three 
principal optie directions X, Y, and 
Z may be represented in their proper 
positions parallel to the crystallo- 
graphic axes. By inserting four 
more wooden sticks in the proper 
holes, the positions of the optic axes 
may be shown for a number of dif- 
ferent optic angles. It is suggested 
that a relatively small number of 
holes be made to represent different 
optic angles. Holes spaced about 
10° apart will be quite satisfactory. 

To determine the spacing of holes, 

the following equation niay be used : 
tan VT 
0 Ie REED, PRC a 
2 
where D is the distance from the 
, center of the crystal face to the hole 
position desired, V is half the optic 
angle desired, and T is the thickness 
of the model measured perpendicu- 
lar to the face to be drilled. 

This model is suitable to demon- 
strate the unusual but instructive 
optical phenomenon of the lithio- 
phyllite-triphylite series. In the 
most iron-poor variety the optic 
plane is parallel to (001) and the 
2V about the b-axis is 65°. With an 
increase in iron, the optic angle de- 
creases to zero and the mineral be- 
comes uniaxial. As the iron content 
continues to increase, the aptie plane 
becomes parallel to (100) and the 
optie angle about the b-axis increases 
to 90° and then begins to decrease 
about the ¢-axis until it again be- 
comes zero and the mineral is uni- 
axial. With additional iron, the 
optic plane is believed to shift to 
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a position parallel to (010) and the 
optic angle increases again about the 
c-axis. 

Monoclinic models—The mono- 
clinie model as shown in figure 2 may 
be prepared with slightly greater 
difficulty. After preparing the de- 
sired crystal model, the center of 
the (010) face is located and radial 
lines drawn therefrom to the edges 
of the erystal face. These lines are 
continued across the faces in the zone 
of the b-axis parallel to the zone line. 
The radial lines might be spaced 10° 
or more apart. Next, concentric cir- 
cles are drawn on (010), and their 
spacing is determined by the fol- 
lowing equation: 

tan VT 
T OO 
2 

where r is the radius of a given cir- 
cle, V is half the optic angle desired 
and T is the thickness of the model 
measured perpendicular to (010). 
On the faces in the zone of the b- 
axis, hyperbolic curves are drawn. 
These can be roughly determined by 
computing their spacing along three 
of the parallel lines on each face and 
drawing smooth curves through 
these points. The spacings may be 
determined by use of the following 
formula : 

' S = tan VM 
where S is the distance measured 
right or left from the plane of sym- 
metry, V is half the optic angle de- 
sired, and M is the distance from the 
parallel line to the b-axis measured 
on (010). 


Where straight lines intersect 
curved lines, holes are drilled toward 
the center of the model to a depth 
of about half an inch. This model 
may be employed in much the same 
manner as the orthorhombic model. 
Extra sets of round sticks may be 
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used to show the positions of erys- 
tallographie a and e. 

Triclinic models.—Triclinie mod- 
els may be prepared by following 
essentially the same rules and with 
only slightly greater difficulty. It 
is suggested that only a few possible 
orientations be selected. Each set 
of holes for the directions X, Y, and 
Z must, in general, have an accom- 
panying set of holes for optic axis 
positions. 

Dispersion models.—A model like 
figure 1 or one like figure 3, in which 
a fewer number of closely spaced 
holes have been drilled, serves to 
illustrate the types of dispersion in 
orthorhombic crystals. Three sets 
of wooden sticks are used to repre- 
sent the optic axes for different col- 
ors of light. One set is painted red, 
one yellow, and one violet> Figure 
3 shows the model arrangement for 
dispersion of 2V with r > v. An 
arrangement like figure 4 illustrates 
erossed axial plane dispersion where 
the optic plane for red light is paral- 
lel to (100) and that for violet light 
is parallel to (010). The yellow stick 
in the position of the acute bisec- 
trix indicates a uniaxial character 
for yellow light. 

Figure 5 illustrates the monoclinic 
model for representing dispersion 
of 2V combined with dispersion of 
orientation. The principles of con- 
struction of this model are the same 
as those for figure 2. It is recom- 
mended, however, that there be a 
greater number of holes in each row 
and that the number of rows be re- 
duced to seven. Figure 5 illustrates 
a condition in which Bx, — b, 
crossed dispersion, and r > v. Fig- 
ure 6 shows Y —b, inclined disper- 
sion, and r > v. Figure 7 shows 
Bx, —b, horizontal dispersion, and 
r<v. Figure 8 illustrates the 
type of relationship which exists 
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in some minerals like epidote. If 
one optic axis only is observed in the 
interference figure, the dispersion 
appears r > v. If the other axis is 
observed, however, the dispersion 
appears reversed. Actually the dis- 
persion of 2V isr > v. In figures 6 
and 8 an extra hole is shown for the 
acute bisectrix for yellow light 
(Bx,’). 

A model may also be constructed 
to illustrate several general exam- 
ples of dispersion in triclinic crys- 
tals. 


PERMANENT REFERENCE MODELS 


A very helpful set of models may 
be prepared for student study or 
reference work by employing the 
well-known Krantz pearwood mod- 
els. After selecting the desired mod- 
els, small holes are carefully drilled 
and long wire brads inserted to simu- 
late the optic axes and the principal 
optie directions in each mineral rep- 
resented. If desired, extra holes may 
be drilled and extra brads inserted 
to represent crystallographic axes 
as well. If the brads representing 
crystal axes are painted one color, 
those representing optic axes an- 
other color, and those representing 
the principal index directions a 
third color, each set will stand out 
more clearly. To produce a more 
finished model, the heads of the wire 
brads may be clipped and the rough 
ends filed smooth before painting. 


PROBLEM MODELS 


Instructive problems and exer- 
cises may be undertaken by the stu- 
dent with the aid of inexpensive and 
easily acquired materials. Each stu- 
dent is provided with three small 
blocks, an inch or so long, eut from 
pieces of balsa wood, and roughly 
formed to represent the three pina- 
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coids of the orthorhombic, monoclin- 
ic, and triclinic systems. Substitutes 
for balsa wood might include any 
soft material like cork or art gum. 
In addition the student should have 
a supply of straight pins with dif- 
ferent colored heads. Different col- 
ors may be designated to represent 
the optic axes, crystal axes, and prin- 
cipal index directions. By inserting 
the round-headed pins into the balsa 
wood block an unlimited variety of 
problems may be worked out. 

In order to reproduce a given op- 
tic angle, for example, the center of 
the model is held directly over the 
index mark of a small protractor 
placed on the table. By sighting 
down upon the protractor the pins 


are inserted to give the proper 


angle. The student should be in- 
structed to insert all pins in such a 


fashion that if extended inward the . 


pins would all intersect the model’s 
center. Inserting pins at the proper 
angle may be facilitated by use of 
a simple type of protractor. From 
a point at the center of the long edge 
of a 3 x 5 ineh filing card, draw a 
series of radial lines spaced at in- 
tervals of 5°. If each pin is aligned 
with the proper radial line of this 
protractor before it is inserted into 
the balsa wood, it will point directly 


to the center of the model and angles 
will be more correctly duplicated. 

Just a few types of problems and 
exercises are suggested here. A list 
of optical data for a theoretical min- 
eral might be given the student who 
is required to build up a model to 
illustrate as many of these data as 
possible. Again, the instructor might 
prepare a model and request the stu- 
dent to tabulate the optical data 
illustrated by this model. Starting 
with a given model, the student 
might be required to predict the type 
of interference figure which would 
be obtained for a specified orienta- 
tion. 

Even crude models prepared of 
common pins and pieces of pencil 
eraser may be employed to good ad- 
vantage by the student in his mi- 
eroscopie work. A simple model of 
a biaxial crystal with the principal 
index directions and the optic axes 
may be used to help visualize the 
orientation of various grains und 
the microscope. It will enable the 
student to correlate the interference 
figure on a particular grain with 
the optical orientation of that grain. 
Simple models of this type will per 
mit him to visualize more intelligent 
ly the relationship between. extine 
tion angle and grain orientation. 
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ATOMIC MODELS OF THE SILICATES AS AN ESSENTIAL 
AID IN THE TEACHING OF ELEMENTARY 
MINERALOGY 


DONALD M. HENDERSON 
University of Illinois, Urbana 





Most present-day courses in ele- 
mentary mineralogy are actually im- 
pediments to the progress of min- 
eralogy and geology, and are not 
even introductions to a science. The 
most serious defect is the lack of 
logical development and presenta- 
tion of fundamental unifying prin- 
ciples. A dogmatic approach results 
in the emphasis falling almost en- 
tirely upon the memorization of a 
vast amount of miscellaneous and 








apparently unrelated information 
concerning minerals—much of it er- 
roneous. Heretofore, such a state of 
affairs may have been somewhat ex- 
eusable because of insufficient fun- 
damental information. Today, how- 
ever, there is sufficient information 
about the behaviour and arrange- 
ment of atoms in crystals so that an 
attempt can be made to present some 
of the controlling principles neces- 
sary for an understanding of miner- 





Fie. 1—Common arrangements of silicate tetrahedra: a — independent tetra- 


hedron characteristic of olivine; b — geometric tetrahedron for comparison with 


@; c = double tetrahedra characteristic of the melilite group; d = tetrahedral 
chain characteristic of pyroxene; e three-membered tetrahedral ring character- 
istic of wollastonite and rhodonite; f — six-membered tetrahedral ring; g — double 
tetrahedral chain characteristic of amphibole; h = tetrahedral sheet characteristic 
of the micas. Tetrahedral three-dimensional framework characteristic of the silica 
minerals and feldspars not shown. 
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Fic. 2.—Method of assembling models: a — pyroxene showing arrangement 
of calcium and magnesium-iron atoms in parallel double rows (note isomorphism 
of magnesium and iron); b = index of atoms in pyroxene model a; c = method 


of assembling tetrahedral chains in model a; d = 


method of assembling tetrahedral 


double chains in model e; e == partly assembled model of amphibole, hydroxyl] ions 
(gray) occupy large holes in double chains, arrangement of cations (not shown) 


like that in pyroxene model a. 


als even on an elementary level. 

The purpose of this paper is not 
to present a complete elementary 
treatment of such principles but 
simply to call attention to them and 
to show how readily they may be 
illustrated by atomic packing models 
of minerals. The talue of this ap- 
proach is particularly well demon- 
strated by the insight which it gives 
into the relations of the extremely 
complicated silicate group of miner- 
als. However, before describing the 
atomic packing models, several high- 
ly simplified principles will be given 
first so that the significance and use 
of the models can be fully appre- 
ciated : 

(1) The constituent elements oc- 

cur as spherically shaped ions. 

(2) Each kind of ion (Fe*’, O*, 


Fe**, ete.) has a characteristic 
size (in general anions are 
larger than cations). 

(3) Anions are attracted so as to 
touch neighboring cations and 
vice versa. 

(4) The number of anions that 

ean surround a eation (and 

vice versa) is controlled by 
the relative sizes of the re- 
spective ions. 

Different kinds of ions that 

have similar sizes (e.g. Fe* 

and Mg**) can equally well 
occur in the same kind of po- 
sition in a crystal structure 

(isomorphism). 


-_— 
or 
— 


The most important conclusions to 
be derived from these principles are 
that most minerals, including sili 
cates, can be considered as composed 
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Atomic Models of the Silicates 





Fie. 3.—Method of making models with interchangeable parts that can be 
easily assembled and disassembled: a — silicate sheet with large potassium atoms 
(dark) resting in holes in sheet. b — strings of hydroxyl ions (large gray spheres) 
and magnesium-iron atoms which form a layer between silicate sheets @ and c. 
Threefold arrangement of magnesium and/or iron atoms is characteristic of 
biotite and talc. c—silicate sheet. d— potassium atoms. e—silicate sheet iden- 
ti¢al to rectangular sheet a but with tetrahedra at corners removed in order to show 
hexagonal symmetry of sheet. f — strings of hydroxyl ions and aluminum atoms 
(small white spheres) which form a layer between silicate sheets e and g. Two- 
fold arrangement of aluminum atoms is characteristic of muscovite, pyrophyllite 
and kaolin. g — silicate sheet identical to c but with corner tetrahedra removed 
in order to show hexagonal symmetry of sheet. 


of ion spheres of different sizes, and spheres in any size from % to 3 
that many of the properties of min- inches in diameter. Entirely satis- 
erals depend upon the relatively factory models can be made with 
simple geometric ways in which these relatively few sizes. The following 
spheres can be packed repetitively. sizes have been found to be suitable: 
An elementary account of these prin- 
tiples can be found in Stillwell 
(1938). Data on the sizes of ions - 
ean be found in Evans (1948). we sierdesns whaatiwrsdie ake: 
It should be possible, therefore, to satisfactory for potassium 
: eee , in the micas) 
show the application of these prin- 


14,”= oxygen, hydroxyl, fluor- 
ine, and potassium (134” 


tiples by means of models of miner- 1”= caleium, sodium 

als constructed with spheres of dif- 34”—= magnesium, iron, alumin- 
ferent sizes representing the differ- um (14” would be more ac- 
ent atoms. Spheres of cork proba- curate for aluminum) 

bly are the easiest to use. The Arm- 9/32”—= shot or ball bearings for 


strong Cork Company makes cork silicon 


. 
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The use of different colors for the 
different kinds of atoms adds to the 
effectiveness of the models. The 
spheres can easily be joined together 
by means of heavy pins or brads 
from which the heads have been cut 
off. Models of particular minerals 
ean be constructed from the data in 
Bragg (1937). 

The fundamental unit of construe- 
tion of the silicates is the so-called 
silicate tetrahedron which consists of 
a silicon atom surrounded by four 
oxygen atoms. This unit well illus- 
trates the control on arrangement of 
atoms by their relative sizes because 
the sizes of silicon and oxygen are 





Fic. 4—Composite model of mica 
made by assembling units shown in fig- 
ure 3. Lower half represents biotite as- 
sembled from units a, b, and c in figure 
3. Upper half represents muscovite as- 
sembled from units d, e, f, and g in 
figure 3. 


such that four oxygen atoms can 
just fit around each silicon atom 
(figure 1). One of the most im- 
portant causes of the complexity of 
the silicate minerals arises from the 


variety of ways in which the silicate 
tetrahedra can be arranged (figure 
1). In fact, the simplest and proba- 
bly the most instructive method of 
making a model of a particular sili- 
cate mineral is to assemble several 
of the tetrahedral groups that com- 
pose the major part of that mineral, 
such as independent tetrahedra for 
olivine, single chains for pyroxene, 
or sheets for mica. In general, it 
will be found that these groups pack 
together rather snugly and that the 
other atoms in the erystal fit in the 
interstices. Large atoms fit in the 
large interstices and small atoms in 
the small interstices. Examples are 
shown by figures 2, 3, and 4. 

The models are particularly in- 
structive if the groups can easily be 
disassembled and reassembled by 
students. Figure 3 shows an ex- 
ample in which the groups are inter- 
changeable and can be assembled in 
various combinations to illustrate 
almost all the sheet minerals. ‘ 


Models such as those that have 
been briefly described illustrate viv- 
idly and fundamentally many of the 
varied properties of the silicates, 
such as isomorphism, derivation of 
the chemical formulae, cleavage, 
hardness, many of the optical prop- 
erties; why certain alteration prod- 
ucts may be favored; and why melts 
of certain silicates are viscous where- 
as others are fluid. 

Grateful acknowledgment is made 
to Dr. Ralph E. Grim of the Depart- 
ment of Geology and the Illinois 
State Geological Survey, who has 
long recognized the value of atomic 
models in his researches on the clay 
minerals and who called to my atten- 
tion the convenience of cork spheres. 
Mr. Merle Williams, a student in the 
Department of Geology, assembled 
the excellent models shown in the 
illustrations. 
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GLACIAL LAKE MERRIMAC 


J HARLEN BRETZ 
University of Chicago, Chicago 


Named for a town at the crossing 
of Wisconsin River by the Elroy di- 
vision of the Chicago and North- 
western Railway, Lake Merrimac 
came into existence in this part of 
the Wisconsin valley when the Green 
Bay lobe began to retreat from its 
terminal (Johnstown) moraine. The 
moraine and its outwash, blocking 
the valley, served as an effective dam, 
and the lake lengthened northeast- 
ward as the retreat continued. Its 
level appears to have stood at 850 
to 860 A.T. during this time. 

Overlooking the lake on the north 
was the southern of the two Baraboo 
Ranges which, 18 miles northeast of 
the drift dam, terminates abruptly 
where joined by the converging 
North Range. Here the upland sur- 
face drops off from 1200 to altitudes 
below that of the lake. Had there 
been no drainage into Lake Merri- 
mac other than that of the adjacent 
retreating glacial front, and had no 
lowering from outlet erosion oe- 
eurred, the lake would have con- 
tinued to lengthensand expand as 
the glacier retreated north and east 
of this end of the Ranges and would 
have flooded the low country about 
Portage and north down the Fox 
River valley. Indeed, the upper 
Wisconsin River would today be a 
part of the St. Lawrence drainage 
system. 

The possibility of such continued 
enlargement, however, was denied 
because that same ice front had been 
confining a higher and far larger 
lake on the north side of the Ranges, 
which abruptly began discharging 


southward into Lake Merrimae when 
the eastern end of the Ranges was 
freed by the retreating ice front. 
Lake Wisconsin, largest of all 
such water bodies within the state, 
was formed when the advancing 
Green Bay lobe closed the Devils 
Lake gap in the South Range. Gla- 
cial ice and glacially ponded water 
then largely replaced the former free 
drainage of the upper Wisconsin 


.River through this gap. This large 


lake found an outlet down Black 
River to the Mississippi north of 
LaCrosse. Because the ice built a 
bulky moraine (Johnstown) in two 
places across the Devils Lake gap, 
effectively blocking it against re-use, 
by Wisconsin River after retreat 
from this position, Lake Wisconsin* 
continued to exist and was enlarged 
eastward as the ice edge shrank 
back, until the abrupt east-pointing 
prow where the Ranges join and 
terminate was ice-free. 

With lower surfaces thus exposed 
the glacial damming of Lake Wiscon- 
sin came to an end. The level of 
the new outlet around the east end 
of the upland was about 120 feet 
lower than that leading to Black 
River. The first 80 feet of this 
marked drop in level involved the 
entire lake. There then emerged a 
high place in the lake bottom, 4 
group of submerged hills of sand- 
stone in the region of The Dells, 20 
miles northwest of the new outlet. 
They became a far more durable dam 
than glacial deposits could be and 
held back a large portion of the lake 
from further abrupt lowering. The 
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postglacial Wisconsin River is still 
at work incising this barrier on 
which it found itself superposed. 

The southern and southeastern 
part of the dismembered lake, how- 
ever, continued to lower rapidly as 
obstructing drift deposits were 
eroded by the new outlet. The de- 
tails of lowering involved the exist- 
ence of Lake Merrimac, into which 
the discharge poured at the time the 
glacial dam failed, the building of a 
torrential delta at the head of that 
lake by the rapid lowering of Lake 
Wisconsin, followed immediately by 
the trenching of this delta as Lake 
Merrimac’s own outlet near Prairie 
du Sae was rapidly deepened and its 
level lowered by the greatly in- 
creased volume of its discharge. 

The details are as follows: When 
retreat south of ‘the Ranges began, 
an extensive valley train heading at 
the terminal moraine reached down 
the Wisconsin valley across the 
Driftless Area. Where it rested 
against the outer face of the Johns- 
town moraine its altitude ranged 
between 860 and 880 feet A.T., and 
its gradient thence down-valley was 
gentle. Rather than the moraine, 
this valley train was the effective 
dam for Lake Merrimac. Two chan- 
nels were promptly cut into the mo- 
raine to the level of the outwash 
apron in front, one now deeply in- 
cised by later use and carrying Wis- 
consin River today, the other a nar- 
row abandoned trench somewhat 
more than a mile long, exceeding 80 
feet in depth and its floor 30 to 40 
feet lower than the 850-860 level of 
the lake. 

No shore lines of Lake Merrimac 
are known, and the only record of the 
lake’s level is the torrential delta east 
of Alloa and just south of the east 
end of the Ranges. Its surface is 
somewhat undulatory, its southern 
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or frontal slope is rudely parallel 
with the foresets revealed in excava- 
tions and its back slope is steep and 
irregular as befits an ice contact. An 
alluvial fan stands on the northern 
part of the delta top, sloping south- 
ward and truncated on the north by 
the same ice contact slope. 
Topography alone would hardly 
establish the interpretation given 
this hill. There is no denying it, 
however, when the sections in the 
gravel pit on the south slope are 
examined. For 40 or more vertical 
feet, unbroken foresets of extraordi- 
narily open-work coarse gravel dip 
southward. Except for one growing 
delta at the head of Franz Josef 
fiord, East Greenland, the writer has 
never seen a more bouldery delta 
deposit. Most of the boulders are 
erystallines up to 3, 4, and even 5 
feet in maximum diameter. Most of 
them lie in a cobble gravel; a few 


are imbedded in pebble gravel. No _ 


foresets composed dominantly of 
boulders were seen, nor any foresets 
largely of sand. Subordinate to the 
erystallines are sandstone and dolo- 
mite boulders, and still less common 
but highly significant are widely dis- 
tributed cobbles and boulders of a 
pink clayey till. The largest till 
boulder seen was 3 feet in diameter. 

Although all these boulders must 
have been rolled across the top of the 
delta to reach the foresets where they 
rest, there is no channel leading to 
this delta, no adequately extensive 
drift surface high enough to have 
carried a free-surface stream to the 
delta head. The ice contact slope, 
if correctly interpreted, records the 
debouching of the torrential stream 
directly from the retreating ice 
front. 

The very brief episode of dis- 
charge was neither preceded nor fol- 
lowed by any noteworthy outwash 
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deposition. It therefore appears to 
record unusual and short-lived con- 
ditions that developed just before 
the ice withdrew from contact with 
the Ranges. There is strong sugges- 
tion that the discharge initiated fail- 
ure of the ice barrier between lakes 
Wisconsin and Merrimac, that the 
hydrostatic head of 120 feet caused a 
leakage under and through crevasses 
in the decaying glacial front. The 
till eobbles and boulders are difficult 
to explain unless they record quarry- 
ing beneath the ice and a very short 
transportation upgrade downstream. 

Comparison with the Gregory Val- 
ley delta at the head of Franz Josef 
fiord is interesting although the ar- 
gument derived is only by analogy. 
The observed boulders of this Green- 
land deposit lie on the delta top, ex- 
tending to the very edge, and ob- 
viously indicating that others have 
gone over the edge to become a part 
of the foreset structure. Slabby 
boulders lie in imbricate positions 
despite their diameters of several 
feet, a relationship which the exist- 
ing Gregory stream is wholly incom- 
petent to produce. 

These boulders were traced back 
to the fairly recent breaking of a 
glacial dam several miles up the 
Gregory Valley, behind which was 
impounded a lake*. Velocity for 
their transportation was provided by 
the valley’s gradient instead of a 
hydrostatic head, and they were 
doubtless swept all along the lower 
valley by the brief torrent when the 
dam broke. The delta itself is a 
normal deposit and only the surface 
boulders are to be compared with 
those composing so much of the Alloa 
deposit. 

Although no channel leads to the 
top of the Alloa delta, there is a 


* Boyd, L. A. “The Fiord Region of East Green- 


,”’ Am. Geogr. Soc. Spec. Publ. No. 18, pp. 
185-193, 





glacial river channel trenched some 
30 feet deep into its eastern part. 
This was noted by Thwaites,t who 
interpreted it as the initial outlet 
when ‘‘the ice margin cleared the 
east end of the Baraboo Bluffs’’ and 
‘the level of waters impounded in 
front of the ice fell from about 980 
... to about 840 feet.’’ According 
to the present writer, it is the Alloa 
delta which records initial discharge, 
and the channel was made after the 
ice had been cleared away sufficiently 
to allow standing water at the sub- 
siding Lake Wisconsin level to reach 
the ice-contact head of the delta. 
Thus, although the lower portion 
of dismembered Lake Wisconsin 
dropped 120 feet to Lake Merrimac’s 
level during the growth of the Alloa 
delta, no debacle occurred during 
this failure of the ice barrier at the 
east end of the Ranges. 

Excavation of the channel was 
completed while the retreating gla- 
cial front stood less than three miles 
to the east. At that distance, the 
drift surface beneath the glacier was 
close to 800 feet A. T., and when it 
became exposed, the channel was 
abandoned and lakes Merrimac and 
Wisconsin came to the same level, 
connected by a strait 4 to 5 miles 
south of Portage. 

But Lake Merrimac was lowered 
about 30 feet during the channel’s 
life, by reason of the great increase 
in its discharge volume across the 
moraine and outwash near Prairie 
du Sae. The time involved was only 
that required for about three miles 
of glacial retreat, a few centuries at 
the most. In the fact that the delta 
reeords none of this lowering, we 
find additional support for the con- 
cept that the extraordinary condi- 
tions (penetration of the glacial bar- 





+ Thwaites, F. T. “Pleistocene of part of north- 
eastern Wisconsin,’’ Geol. Soc, America, Bull, 
Vol. 54, 1943, p. 120. 
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rier by water under high pressure) 
produced an extraordinary volume 
of discharge for an extraordinarily 
short time. 

The two competing transmorainic 
channels near Prairie du Sae con- 
tinued to be deepened after lakes 
Wisconsin and Merrimae became 
confluent, but the northern one was 
shortly abandoned and all subse- 
quent drainage, including that from 


both Early and Late Oshkosh in 
Fox River drainage, has continued to 
deepen the winner in the contest, the 
present Wisconsin River route past 
Prairie du Sac and Sauk City. Lake 
Merrimac slowly dwindled to a series 
of extensive marshes which now are 
largely submerged beneath an artifi- 
cial lake back of the power dam at 
the moraine transection north of 
Prairie du Sac. 
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CURRENT EVALUATION OF THE CAMBRIAN- 
KEWEENAWAN BOUNDARY’ 


GILBERT 0. RAASCH 
Illinois State Geological Survey, Urbana 


In the Lake Superior region the 
youngest of pre-Cambrian sequences 
is the Keweenawan system, 30,000 to 
60,000 feet thick; of this system the 
youngest unit which appears uni- 
versally recognized as undoubtedly 
Algonkian is the 12,600 foot Freda 
sandstone of the Upper Keweenawan 
Oronto group. 

South of the Lake Superior region 
in the Upper Mississippi Valley, the 
oldest of recognized Paleozoic se- 
quences is the Upper Cambrian, 
Croixan Series; of this, the oldest 
unit universally conceded to be Pale- 
ozoie in age is the Mt. Simon sand- 
stone member? of the Dresbach 
formation. 

In a kind of no-mans-land of con- 
troversy between the obviously Ke- 
Weenawan units and obviously Cro- 
ixan units is a group of redbed 
sandstones and shales ranging up to 
2600 feet in thickness, to which 
Thwaites (1912) applied the term 
Bayfield group. It now seems high- 
ly probable, especially as the result 
of the heavy mineral studies by Ty- 
ler and Thiel (1940), that the Wis- 
consin Bayfield is represented in 
Minnesota by similar sediments, 
there referred to as Red Clastics, 
Fond du Lae, or Hinckley, and in 
Michigan by the Jacobsville sand- 
stone. It is the age relations of these 
units, then, that come into question. 
The term Bayfield, when used below, 
is employed as embracing all of 
them. 


1 Published by permission of the Chief, Illinois 
State Geological Survey. 

? The Illinois Geological Survey regards the Mt. 
Simon as a separate formation rather than a 
member of the Dresbach formation, 


Broader regional relations —The 
problem fundamentally is whether 
the Bayfield group is structurally, 
stratigraphically, and in time more 
closely associated (1) with the Ke- 
weenawan, Oronto group, (2) the 
Cambrian, Croixan series, or (3) in- 
dependent of either. 

The distribution of strata belong- 
ing to the Oronto group, as indicated 
in figure 1, is confined to the inner 
portion of the Lake Superior Basin. 
The distribution of Bayfield strata 
areally is much more extensive and 
not necessarily related to the distri- 
bution of the Oronto group. The 
two groups oceur together only in 
the Lake Superior region, and it is 
this writer’s opinion that the oeeur- 
rence is coincidental. The two se- 
quences occur together in the same 
outcrop at only two localities 
(Thwaites, 1912): on the south fork 
of Fish Creek, near Ashland June- 
tion, Bayfield County, and on Middle 
River in eastern Douglas County, 
both in Wisconsin. In both instances 
they oceur in the drag zone along 
the Douglas thrust fault, and/or its 
eastern extension (fig. 8). 

The basal contact of the older, 
Oronto group is in all cases with the 
immediately preceding Middle Ke- 
Weenawan eruptives. The upper 
contact of the Oronto group is known 
only from the two localities cited and 
probably also from deep wells at 
Ashland, Wisconsin (Thwaites, 1912, 
p. 65), and Stillwater, Minnesota 
(Hall et al., 1911; Thwaites, 1931, 
ete.). 

At the two outcrops conformabil- 
ity has been claimed, but since the 
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Fig. 1.—Regional Distribution of Oronto and Bayfield Sediments. 


strata stand nearly vertical, this ap- 
pearance of conformability can be 
misleading, as pointed out by Van 
Hise and Leith (1911) in connection 
with Keweenawan-Huronian _rela- 
tions under similar ecgnditions. Fur- 
thermore, in the area of the two out- 
crops and the Ashland well, the atti- 
tude of the Oronto beds, lying as 
they did in the center of the broad 
Lake Superior syncline, should have 
been nearly horizontal at the time 
the Bayfield sediments were depos- 
ited on them. Such concordance of 
strata does not necessarily imply 
close age relations. 

Furthermore, when we consider 
the regional relations of the Bayfield 
group, we find that, whereas in a 
very limited area it is in basal con- 


tact with the Oronto sandstone, over 
a far greater extent it rests noncon- 
formably and in a relatively horizon- 
tal attitude on a basement complex 
of pre-Keweenawan gneisses, schists, 
and slates, cut by acid and basic plu- 
tonics and dike rocks of both Ke- 
weenawan and pre-Keweenawan age. 
The upper contact of the Bayfield, on 
the other hand, is everywhere with 
the white sandstone of the Mt. Simon 
member of the Dresbach formation 
and the Dresbach and Bayfield main- 
tain conformable relations over all 
the Upper Mississippi Valley* and 
Upper Great Lakes regions. The dif- 
~ 9 in Illinois no basis has been found for separat- 
ing the Bayfield and Mt. Simon sandstones, and the 


Illinois Geological Survey classifies all the sand- 
stone between the pre-Umsabeton crystallines and 





the Eau Claire formation as the Mt. Simon forma- 
tion of Upper Cambrian age (Templeton, 1950). 
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Fig. 2.—Salient Structural Features Affecting the Keweenawan in the Lake Su- 


perior Region. 


ficulties indicated by Schwartz 
(1936, pp. 24-25) and others in 
drawing Red Clastic and Hinckley 
and Mt. Simon boundaries in the 
subsurface suggest a high probabil- 
ity that the three units are grada- 
tional as well as conformable. 


These broad and simple relations 
might seem to leave no doubt that 
the age relations of the Bayfield 
group are with the Cambrian but for 
the troublesome intervention of 
seemingly local phenomena, some of 
which at first glance appear to pre- 
clude a Cambrian age. .A reassess- 
ment of these seeming anomalies is 
the primary objective of this paper. 


ANOMALIES OpposING CAMBRIAN 
ASSIGNMENT OF BAYFIELD 


Pre-Cambrian faults—Those fav- 
oring a pre-Cambrian age for the 
Bayfield stress the fact that in Wis- 
consin, Minnesota, and Michigan, the 
Bayfield along with the Oronto is cut 
by great thrust faults which moved 
parallel to the dip of the fault plane. 
They interpret these movements as 
a part of the orogeny which closed 
the Algonkian. 

That the Bayfield and Oronto are 
jointly cut by extensive faulting 
along the Douglas Fault in Wiscon- 
sin cannot be denied (see Thwaites, 
1912). However, the requirements 
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Fie. 3.—Pre-Bayfield Bedrock Surface in West Part of Lake Superior Region. 


to account for the type of late pre- 
Cambrian movements which sheared 
and disrupted the Lake Superior 
syncline are, not movements parallel 
to the dip of the fault plane, but ex- 
tensive horizontal displacements, 
north of east, measurable in miles 
along the Douglas thrust, with only 
a moderate degree of vertical com- 


ponent. The accompanying map 
(fig. 2) shows that this latter type of 
movement must have taken place, 
and that a thrust block, bounded 
laterally by the Douglas and Lake 
Owen faults, respectively, did so 
move in pre-Bayfield time. How- 


ever, the present attitude of the Bay- 
field beds along the fault (and of the 
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Fie. 4.—Croixan (Bayfield)-Keweenawan 
Superior Region. 


Oronto beds dragged up along with 
them) indicates an extensive thrust 
movement parallel to the dip of the 
fault plane with a vertical compon- 
ent of close to 3000 feet of displace- 
ment. 

That there have been two move- 
ments, one pre-Bayfield and one 
post-Bayfield, seems clear from both 
regional and local considerations. 

In Wisconsin, no evidence is at 
hand that will permit the dating of 











Areal Relations in West Part of Lake 


the second (post-Bayfield) move- 
ment along the old thrust plane. Like 
the Douglas fault, the Keweenaw 
fault in Michigan appears to have 
been pre-Bayfield in origin with pos- 
tulated secondary movement that, on 
the downthrust southeastern side, 
visibly cuts only Jacobsville (Bay- 
field) beds. But at Limestone Moun- 
tain, only a few miles southeast, an 
isolated outlier of Ordovician, Silur- 
ian, and possibly Devonian beds 
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Fic. 5.—Cross Sections Along Lines A-B and C-D of Figure 4. 


(Case and Robinson, 1915; Thwaites, 
1943) is profoundly shattered by 
structural movements that can most 
logically be assumed to be simultane- 
ous with the second period of move- 
ment along the Douglas and Kewee- 
naw fault planes. 

Douglas fault in Minnesota.—In 
Minnesota, the structural evidence is 
less clear and the seeming anomalies 
more numerous. It has been rather 
generally assumed that the Douglas 
fault swings southerly soon after en- 
tering Minnesota and continues until 
lost under glacial drift and/or Paleo- 
zoic cover. Unfortunately, the trap- 
sandstone contact, clearly shown by 
numerous exposures to be a fault in 
Wisconsin, is not exposed in Minne- 
sota. Indirect evidence supporting 
a fault relationship between Bay- 
field-type sandstone and Kewee- 
nawan extrusives seems less than 
conclusive to the writer. This evi- 
dence revolves around two localities, 
Kettle River and Pine City. 

On Kettle River, both Irving 


(1883, pp. 244-246, figs. 8 and 9, pl. 
14) and Upham (1888, pl. 55) de- 
scribe, map, and illustrate the 
Hinckley-trap contact in a manner to 
indicate a nonconformity and a sedi- , 
mentational contact of horizontal 
sandstone on steeply dipping lavas. 
But C. W. Hall (1901, pp. 324-325) 
states: ‘‘Along the entire distance 
of the contact, the attitude of the 
sandstone is that of a greatly dis- 
turbed formation; it is broken in 
places in blocks, some of them of 
huge dimensions lying in many dif- 
ferent directions. They have every 
appearance of being shattered by 
profound crustal movements.’’ Here 
is obviously an area calling for fur- 
ther detailed study. 

At the Pine City locality, very 
steeply eastward-dipping lavas out- 
crop in Snake River at the outlet of 
Cross Lake, whereas a well drilled 
scarcely a mile to the west encoun- 
tered no lava and terminated at a 
depth of 700 feet in red sandstone. 
This relationship, plotted on a twen- 
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a. Actual Pre-Croixan Erosian Surface Profile at Taylors Falls, Minn. 
b. Postulated Pre-Bayfield Erosion Surface Profile in Pine City Area, on 


Scale 1:1. 


ty-to-one exaggeration by Thiel 


(1947, p. 194) gives thus a relief that 


seems to demand a fault postulate. 
However, the same relationship plot- 
ted on a one-to-one scale by the 
writer (fig. 6b) compares very close- 
ly with the slope of the trap-sand- 
stone contact exposed at Taylors 
Falls, Minnesota (fig. 6a), a place 
where the sedimentational nature of 
the contact is demonstrable and the 


fault at this place. According to his 
interpretation, which assumes (1) 
that there is a fault and (2) that the 
upthrown side of the fault is all trap 
and the downthrown side is sand- 
stone on trap, then the anomaly 
shows that 11,000 feet of sandstone 
is present on the downthrown side of 
the postulated fault. 

If, on the other hand, there be 
postulated a situation as illustrated 


Cambrian age of the sandstone un- in figure 6, the recorded gravity ano- 
‘ questioned. maly reflects quite different condi- 
; Gravity-meter evidence—G. I. tions which do not necessarily in- 

Welch (1941) published the result volve faulting. Let us assume the 
, of a gravity-meter traverse across the sandstone sequence to be approxi- 
4 lava-sandstone contact a short dis- mately 2000 feet thick, normal for 
f tance south of the Pine City well. the Hinckley-Red Clastic succession. 
1 The observed anomaly he interprets Let us further assume that to the 
ei as indicative of a fault of about east the sandstone abuts the Kewee- 
. 11,000 foot displacement. nawan lava along a steep pre-Bay- 
; Actually Welch’s data do not con- field erosional slope similar to the 


\- 


stitute proof of the existence of a 





pre-Croixan erosional slope at St, 
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Fic. 7.—Dip-strike Relations of Keweenawan Sequence and Bayfield Equivalents 


at West End of Lake Superior. 


Croix Falls. Finally, concealed be- 
neath the sandstone is a steeply dip- 
ping contact between the highly in- 
clined lavas to the east which repre- 
sent the west limb of the Lake Supe- 
rior syncline and the pre-Keweena- 
wan complex of granites, gneisses, 
schists, slates, ete., to the west. The 
gravity anomaly may thus be a con- 
sequence of a line between a western 
belt of sandstone on various erystal- 
lines of lesser density than diabase 
and an eastern belt of dense diabase 


extrusives. The steep westerly slop- 
ing contact between lava and sand- 
stone and the steep easterly sloping 
contact between lava and basement 
complex might well combine to re- 
solve a sharp line of gravitational 
anomaly. This is not to say that 
faulting of limited extent may not 
incidentally be associated with this 


zone. 

Tilting of Bayfield strata—The 
facts that the Red Clastics in Minne- 
sota dip at angles up to 10° and the 
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Fie. 8.—Postulated Pre- and. Post-Bayfield Fault Patterns in the Bayfield Type 


Area. 


overlying Hinckley sandstone dips 
commonly from 1°-2°, whereas the 
St. Croixan beds to south and east 
are essentially flat-lying, have been 
cited (Atwater and Clement, 1935) 
as evidence for the pre-Cambrian 
age of the Hinckley-Red Clastics 
(fig. 7). The inerease in dip down- 
ward in the sequence may be a re- 
flection of initial dip of the basal 
beds close to the contact with the 
basement complex ; but the writer in- 
terprets it to be a consequence main- 
ly of regional uplift of the country 
lying to the northwest and north of 
the Hinckley-Red Clastie belt of out- 
erop (figs. 3, 4, and 5). 


That such a regional rise did take 
place is suggested by the contrast be- 
tween Bayfield relations in southern 
Minnesota and in east central Min- 
nesota. In the former area, the Bay- 
field equivalents in the subsurface 
are flat-lying, uniform in thickness 


over a wide area, and conformably 
overlapped westward by the Dres- 
bach against the granite basement 
(Hall et al., 1911, pl. V; Couser, 
C. W., 1935). In the latter area, on 
the other hand, observable dips are 
present in sandstones of Bayfield 
age, outliers occur well beyond the 
main outerop belt, and the strata, 
along with the overlying Croixan 
beds, have been truncated by erosion 
(figs. 5, 6, and 7). 

Light mineral data. — Atwater 
(1935, p. 318) considered that the 
Hinckley sandstone could be distin- 
guished from the Mt. Simon 
(Croixan) on the basis of secondary 
enlargement of quartz grains in the 
latter formation. However, second- 
ary enlargement of quartz has been 
noted in some Croixan sandstones as 
well. 


Association with diabase—Hall et 
al. (1911, p. 48) cite the association 
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of diabase with red sandstones in a 
well at Stillwater, Minnesota, as evi- 
dence for the Keweenawan age for 
the Red Clasties of the Minnesota 
subsurface. Yet of ten Minnesota 
wells which passed through the red- 
beds and into pre-Cambrian crystal- 
lines (Hall et al., 1911), only this 
one encountered diabase. Of the re- 
mainder, one penetrated quartzite, 
one ‘‘erystalline rock,’’ and seven 
granite. Except for the Stillwater 
well, the greatest thicknesses of 
Hinckley-Red Clastic strata reported 
in the Minnesota subsurface are at 
Minneapolis (1200 feet) (Schwartz, 
1936, p. 222) and at Mankato (over 
1289 feet) (Hall et al., 1911, p. 141). 
In the Stillwater well, over 2000 feet 


of redbeds are reported to have been ° 


penetrated, above nearly 500 feet of 
diabase (Hall et al., 1911, p. 366; 
Thwaites, 1931, pp. 740-742, fig. 3; 
Stauffer et al., 1935, p. 638). The 
Stillwater locality is evidently the 
one place in Minnesota where drill- 
ing has encountered Red Clastics 
underlain by Keweenawan Oronto 
sandstone, as indicated by the exces- 
sive local thickness of the redbeds 
and association with Middle Kewee- 
nawan diabase. This area is in line 
with the axis of the Lake Superior 
syncline, and Keweenawan rocks are 
here to be expected (figs. 1 and 2). 

This interpretation removes a ser- 
ious anomaly from Meinzer’s map 
(Hall et al., 1911, pl. III) showing 
the elevation of the ‘‘pre-Cam- 
brian’’: that is, the crystalline floor 
beneath the sediments in Minnesota. 
In regarding all redbeds as one unit, 
(pre-Cambrian in age but mapped 
with the Paleozoic), Meinzer (Hall 
et al., 1911, pl. IIT) is forced to con- 
tour a deep 2000-foot hole at Still- 
water. The writer’s reinterpretation 
of the composite nature of the red- 


bed section here eliminates this pe- 
culiar anomaly. 


Ordovician-Jacobsville uncon- 
formity—In the Upper Peninsula 
of Michigan, another seeming anom- 
aly presents itself at the isolated out- 
lier, Limestone Mountain. Here 
Middle Ordovician Platteville stra- 
ta lie in concordant dip not far 
above layers of Jacobsville sandstone 
with a short concealed belt inter- 
vening (Case and Robinson, 1915; 
Thwaites, 1943). This extensive un- 
conformity has been interpreted to 
lie between pre-Cambrian and Pale- 
ozoic, to indicate the nondeposition 
of Cambrian and Lower Ordovician 
rocks in this region, and thus to es- 
tablish the pre-Cambrian age of the 
Jacobsville. 


However, an examination of rela- 
tionships in the eastern part of the 
Upper Peninsula and southward 
along the west shore of Lake Michi- 
gan reveals that the time of erosion, 
was not between the Bayfield and the 
Croixan, but between Middle and 
Lower Ordovician (Thwaites, 1923, 
1927, 1934, 1943). Truneation of 
the pre-Chazyan beds cuts progres- 
sively deeper as one goes westward 
from the upper end of Lake Michi- 
gan, and also as one goes northward. 
The extreme case of depth of pre- 
Middle Ordovician erosion in Wis- 
consin-Michigan is at Limestone 
Mountain where Mohawkian strata 
rest on the Bayfield. 


Lack of Chequamegon equivalent 
in Minnesota.—The problem of the 
correlation of Thwaites’ Chequame- 
gon formation constitutes another 
seeming anomaly. To recapitulate, 
Thwaites (1912) divided the Wis 
consin Bayfield group into three for- 
mations in descending order as fol- 
lows: 
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Chequamegon 
sandstone 
Devils Island 
sandstone 


1000 feet 


3000 feet 


4300 feet 


Tyler and Thiel (1940) have 
shown that the Red Clastics of Min- 
nesota correlate with the Orienta 
sandstone and the Hinckley corre- 
lates with the Devils Island sand- 
stone. But, on top of the Hinckley 
in Minnesota rests the white Mt. 
Simon sandstone of Croxian age and 
upon the Devils Island rests the pre- 
Croixan, redbed Chequamegon sand- 
stone. 


Writers accepting the Wisconsin 
Bayfield succession at face value 
(see Thiel, 1940, p. 1516) have re- 
garded this as evidence of a pre-Mt. 
Simon unconformity involving the 
loss in Minnesota of 1000 feet of 
strata. Yet, an abundance of deep 
Well data from that state also seems 
to indicate that Hinckley-Mt. Simon 
relations there are clearly grada- 
tional. 


A eritical examination of the evi- 
dence on which Thwaites (1912) es- 
tablished his Chequamegon forma- 
tion reveals a probable resolution of 
this paradox, namely that Thwaites’ 
Chequamegon brownstone formation 
is none other than the Port Wing 
brownstone member of the Orienta 
formation, repeated by faulting (fig. 
8). The contact of the Chequamegon 
formation with the supposedly un- 
derlying Devils Island formation is 
reported by Thwaites only from the 
type locality, Devils Island. The 
beds here that he considers to be 
Chequamegon, he assigns to the 
“basal Chequamegon’’ and des- 
eribes (1912, p. 38) as follows: 
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At the south end of Devils Island, 
which is entirely surrounded by a rock 
cliff, the light-colored basal layers of 
the Chequamegon sandstone are seen. 
These are interbedded layers similar to 
the main body of underlying Devils 
Island sandstone, so that no very sharp 
line of demarkation can be seen. 


The writer suggests that these 
layers are a part of the Devils Is- 
land formation rather than the Che- 
quamegon brownstone and that a 
fault contact lies off-shore to the 
south and there separates the Devils 
Island from the brownstone that 
forms the southern islands of the 
Apostle group. Thwaites’ detailed 
description (1912, pp. 34-35) of the 
‘*Quarry’’ or ‘‘Brownstone Beds’’ 
of the Chequamegon on the main- 
land is essentially identical with that 
of the ‘‘Port Wing Brownstone’’ of 
the Orienta, while the upper or 
‘*Washburn Beds,’’ especially those 
from the well of the Barksdale 
Powder Works, are described in 
much the same terms as his ‘‘upper 
member’’ of the Orienta formation. 


Reinterpretations by the writer 
reduce the total thickness of the Bay- 
field group from Thwaites’ figure 
of 4300 feet down to a maximum of 
2600 feet, mainly through the drop- 
ping of the Chequamegon formation. 
This gives a figure more in accord 
with the average regional thickness 
of the subsurface Bayfield. 


The Bayfield and the pre-Camb- 
rian peneplain.—There remains one 
more point of issue which is in the 
nature of an argument rather than 
an anomaly. Proponents of a Ke- 
weenawan age assignment for the 
Bayfield stress the fact that the 
structural elements that affected it 
and related sandstones were truncat- 
ed by the pre-Cambrian peneplain. 
The writer maintains that beyond 
the areas of Paleozoic cover, there is 
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no means of determining the age of 
the present bedrock surface on the 
crystallines. It may be close to the 
pre-Cambrian erosion surface, but 
may be of later origin or origins. 
Within the Lake Superior region 
itself, there is evidence not only of 
pre-Middle Ordovician, but also of 
pre-Cretaceous and post-Cretaceous, 
erosion surfaces (Van Hise and 
Leith, 1911, p. 178, p. 616, p. 625). 
The Silurian beds at Limestone 
Mountain lie below the postulated 
pre-Cambrian peneplain surface, as 
do the Jacobsville and Bayfield 
strata. There is reason to believe 
that Silurian strata may formerly 
have extended widely in the Lake 
Superior Basin and over much if not 


all of the Wisconsin Arch, and that ' 


the Devonian clearly extended over 
the latter at least in part. It is not 
plausible to infer that the erosion 
which removed these thousands of 
eubie miles of rock stopped com- 
pletely when the pre-Cambrian bed- 
rock surface was reached. 
Supporting the idea that the orig- 
inal pre-Cambrian erosion surface 
developed before, not after, the dep- 
osition of the Bayfield group is Ty- 
ler’s (1940, p. 1481) conclusion that 
the Bayfield sediments differ from 
those of the Oronto group in such a 
way as to indicate a marked differ- 
ence in time and a partial difference 
in source. Tyler states as follows: 


The quartzose character of the Bay- 
field indicates that these sediments were 
subjected to more mature weathering 
than those of the Oronto group, and 
that the Bayfield group may have been 
derived from previously existing sedi- 
ments. The most likely sedimentary 
source for the Bayfield would be the 
older Oronto series. Their derivation 
from this source, however, would neces- 
sitate almost complete elimination of 
feldspar, epidote, and garnet of the 
Oronto sediments and a large decrease 
in the quantity of ilmenite. It seems 
more likely that the Bayfield sediments 
were derived from the Keweenawan 


sediments or acidic igneous rocks which 
did not contain large amounts of epidote 
or ilmenite and that the region from 
which the garnet was derived during 
Oronto time had ceased to contribute 
sediments to this basin of deposition 
during Bayfield time. 


It seems to the writer that Tyler’s 
evidence does not necessarily indi- 
cate a bedrock source low in epidote 
and ilmenite. Rather it seems to in- 
dicate a cycle of deposition inde- 
pendent of and much later than that 
of the Oronto sedimentation. The 
latter derived its material from fresh 
bedrock whereas the Bayfield mate- 
rial seems to have been derived from 
a mature erosion surface on which 
the epidote and much of the feldspar 
was eliminated, and a substantial 
portion of the ilmenite was altered 
to leucoxene. 


Factors Opposina KEWEENAWAN 
Aare ASSIGNMENT OF BAYFIELD 


Study of the broad field relations 
has inclined the writer to the opinion 
that the Bayfield group and its equi? 
valents are more closely related to 
the Croixan than to the Keweenawan. 
The present paper has been devoted 
largely to a review and reduction of 
the ‘‘strong points’’ which appear to 
resist a Cambrian assignment for the 
group. Although a full discussion 
of the case against a Keweenawan 
age assignment is not within the 
scope of this paper, it is appropriate 
to state that, in the opinion of the 
writer, the sum of the evidence op- 
posing such an assignment is in- 
superable. In brief, the following 
are items of cardinal import to this 
effect. 

1. In places Bayfield equiva- 
lents demonstrably rest on pre-Ke- 
weenawan strata, as in east-central 
Minnesota, the Michigan Upper 
Peninsula, at the east end of Lake 
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Superior in Ontario, and almost uni- 
yersally in the subsurface ; those who 
would assign a Keweenawan age to 
the Bayfield must account for the 
absence by unconformable overlap of 
from 30,000 to 60,000 feet of pre- 
Bayfield Keweenawan section. The 
fact that the 30,000-60,000 feet of 
earlier strata is so generally missing, 
with only the ‘‘terminal’’ 2,000- 
3,000 feet of strata present, fosters 
the suspicion that we are dealing 
with two independent sequences. 

Whether this absence of 90 to 95 
percent of the Keweenawan section 
at these places be explained as a re- 
sult of unconformable overlap 
(Thwaites, 1912; Atwater, 1935, 
ete.), of faulting (Schwartz, 1949, 
ete.), or of deposition in postulated 
grabens (Thwaites, 1943), the mini- 
mum local relief involved. in any 
case exceeds the altitude of Mt. 
Everest (29,002 feet). 

The accommodation of the latter 
concepts becomes most difficult at 
the west end of Lake Superior. Here, 
to assign a Keweenawan age to the 
Fond du Lac, where it rests on the 
Lower Huronian Thomson Slate 
complex, it is necessary to account 
for the disappearance of roughly 
55,000 feet of strata (over 10 miles 
thick) in a narrow gap 10 miles 
wide, between the North Shore Ke- 
Weenawan sequence and the South 
Shore Keweenawan sequence. Either 
a 55,000 foot mountain ten miles 
wide, a fault with a 55,000 foot verti- 
cal displacement, or pre-Keweena- 
wan grabens 55,000 feet deep must 
be postulated here to maintain con- 
formability of the Bayfield with the 
Keweenawan. 

If it be necessary to mention addi- 
tional adverse factors to the Kewee- 
hawan age assignment of-the Bay- 
field, there are the following : 

2. If, as has been generally cred- 


ited (Schwartz, 1949, p. 33), the dia- 
basic and basaltic dikes cutting the 
Huronian complex west of the 
Hinckley-Red Clastic belt in east- 
central Minnesota are the dike-roots 
of eroded Middle Keweenawan flows, 
then neither the postulate of uncon- 
formable overlap nor that of pre- 
Keweenawan grabens can be main- 
tained; and to maintain the simple 
fault hypothesis, it is necessary to 
postulate the removal by erosion of 
strata considerably in excess of 
55,000 feet, west of the fault. 

3. Cases where essentially flat- 
lying strata of Bayfield age sur- 
round or lie up-dip from inclined 
Middle Keweenawan extrusive strata 
have never been satisfactorily ac- 
commodated within a Keweenawan 
age hypothesis for the Bayfield. 
Among such eases is: Silver Moun- 
tain, reported by Irving (1883, p. 
202), which is composed of diabase, 
dipping northwestward 30°, and ap- 
parently surrounded by horizontal 
Jacobsville sandstone. Another 
which has not been described in de- 
tail, is mapped in the Batchawana 
Bay area of Ontario (Van Hise and 
Leith, 1911, pl. 1). 

4. The evidence of the heavy 
minerals, as reported by Tyler and 
Thiel (1940), indicates that out- 
standing differences exist between 
the suites of the pre-Bayfield and the 
Bayfield sands. In general the Bay- 
field suites are more closely compar- 
able with those prevailing in the Mt. 
Simon and Galesville members of the 
Croixan Dresbach formation, than 
with the Keweenawan, and unlike 
the latter, imply a mature erosion 
surface at the source. 


INTERPRETATION OF BAYFIELD 
ENVIRONMENT 


The writer suggests that the Bay- 
field sediments are continental de- 
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posits of Middle and quite possibly 
also of Early Cambrian age laid 
down in structural basins formed at 
or after the close of the Algonkian. 
The basins in the Lake Superior 
region were narrow and a conse- 
quence of down-faulting along one 
side, whereas those in southeast 
Minnesota, in the Lake Michigan re- 
gion and southward, seem to have 
been the result of gentle down- 


warping. Deposition appears at 
first to have been largely fluviatile 
(Thwaites, personal communica- 
tion), passing with increased re- 
gional subsidence probably through 
lacustrine and estuarine conditions 
(Hinckley and Mt. Simon) with the 
eventual arrival of marine waters, 
bringing the Eau Claire faunas to 
parts of the region. 
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THE MT. SIMON SANDSTONE IN NORTHERN ILLINOIS’ 


JUSTUS STEVENS TEMPLETON, JR. 
Illinois Geological Survey, Urbana 





Wells in northern Illinois pene- 
trate from 1600 to 2100 feet of upper 
Cambrian Mt. Simon sandstone be- 
tween the Eau Claire formation and 
pre-Cambrian crystallines. In most 
of the region the sandstone is pure 
and light colored, but in the vicinity 
of Boone County all but the upper- 
most beds are silty, argillaceous, and 
dark red. The light-colored sand- 
stone long has been correlated with 
the Mt. Simon formation of north- 
western Wisconsin, but recently the 
red clastics were assigned provision- 
ally to the pre-Cambrian and cor- 
related with the Fond du Lac forma- 
tion of eastern Minnesota. The pres- 
ent study shows that the red clasties 
of northern Illinois are a local fa- 
cies of the light-colored Mt. Simon 
sandstone. On the basis of differ- 
ences in grain size, the formation is 
divisible into seven regionally per- 
sistent members. Evidence is pre- 
sented which suggests that the Mt. 
Simon sandstone of Minnesota and 
the upper part of the Mt. Simon at 
the type locality belong to the Eau 
Claire formation. 

Previous and present studies — 
Early subsurface studies in northern 
Illinois referred all sandstone be- 
neath Eau Claire dolomitice strata 
to the Mt. Simon, although a pos- 
sible Keweenawan age for the red 
¢lasties at Dixon was suggested 
(Thwaites, 1923, pp. 534, 553-555). 
Thwaites’ tentative Keweenawan 
correlation at Dixon was rejected by 
Knappen (1926, pp. 34-36). In lat- 





1Published by permission of the Chief, Illinois 
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er studies the red elastics of north- 
ern Illinois and similar strata in 
eastern Wisconsin were stated to be 
of unknown age but were not sepa- 
rated from the Mt. Simon formation 
(Thwaites, 1931, p. 742; Twenhofel, 
Raasch and Thwaites, 1935, p. 1693, 
pl. 151). Possible correlation of the 
arkosic basal Mt. Simon strata of 
southern Lee County, Illinois, with 
the supposedly Keweenawan Hinck- 
ley sandstone of eastern Minnesota 
has been suggested (Payne, 1942, 
p. 54). Recently the red clasties of 
northern Illinois were correlated ten- 
tatively with the supposedly pre- 
Cambrian Fond du Lae formation 
of eastern Minnesota (Bays and 
others, 1945, p. 1146; Weller and 
others, 1945), and the regional lith- 
ology and thickness of the ‘‘Mt. Si- 
mon-Fond du Lae (?)’’ sandstones 
were summarized (Workman and 
Bell, 1949, pp. 2041-2043). In the 
present study all available cuttings 
from wells in central northern Illi- 
nois which penetrated the Mt. Simon 
and ‘‘Fond du Lae (?)’’ formations 
were carefully examined, as well as 
samples from deep borings in part 
of northeastern Illinois. 

Name and definition.—At the type 
locality the Mt. Simon formation, 
named from exposures on and near 
Mt. Simon at Eau Claire, northwest- 
ern Wisconsin (Ulrich, 1914, p. 
354), consists mainly of coarse- 
grained, partly conglomeratic, thick- 
bedded sandstone 234 feet thick, 
which overlies pre-Cambrian granite 
and underlies fine-grained thin-bed- 
ded Cedaria-bearing Eau Claire 
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Fig. 1—Isopach and reference map of the Mt. Simon formation in northern Ill¢ 
nois. (Modified from Workman and Bell, 1948, fig. 4.) 


sandstone (Twenhofel, Raasch and 
Thwaites, 1935, pp. 1693, 1739-1740). 
In this report the name Mt. Simon is 
applied to all sandstone between pre- 
Cambrian erystallines and sediments 
which are classed as Eau Claire but 
probably underlie the Cedaria zone. 

Thickness—In northern cers 
only four wells (fig. 1, wells 5, 7, 10, 
11) have completely Poet the 
Mt. Simon sandstone, although two 
other wells (6, 9) are believed to 
have passed almost through the for- 
mation. The sandstone is thickest 
in a basin extending from DeKalb 
to Cook counties in northeastern IIli- 
nois and attains a maximum known 
thickness of 2120 feet in northeast- 
ern DeKalb County. From this area 
it thins rapidly to thicknesses of 400 
feet or less in most of the states sur- 
rounding Illinois, and lenses out in 





northeastern Wisconsin and south- 
western Ontario(Cohee, 1945, 1948). 

Lithology—tIn northern Illinois 
the Mt. Simon sandstone is divisible 
into a light-colored facies, which con- 
stitutes the bulk of the formation in 
most of the region, and a red facies, 
which is best developed at Belvidere, 
Boone County. Much gradation and 
interfingering characterize the trans- 
ition zone between the two facies, 
which in places is less than 6 miles 
wide (fig. 2, wells 4, 5). Both facies 
are nonfossiliferous. 

Light-colored facies—The light- 
colored Mt. Simon facies is white, 
yellow, or pink to light brown. The 
sandstone ranges from very fine to 
very coarse grained and locally is 
silty. Much of it is conglomeratie, 
containing quartz granules from 2 
to 4 mm. in diameter and quartz peb- 
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Fic. 2.—Northwest-southeast cross section of the Mt. Simon formation from 
(Line A-A’, fig. 1.) 


Beloit, Wisconsin, to Momence, Illinois. 


bles from 4 to 8 mm. in diameter. As 
a’ whole the sandstone is coarser 
grained than any other in northetn 
Illinois. Sorting generally is poor, 
but some well-sorted beds are pres- 
ent. Although the grains range from 
angular to well rounded, they are 
chiefly subangular. The granules 
and pebbles are well rounded. Most 
of the sandstone is incoherent, but 
thin layers have been cemented by 
iron oxide or silica. A zone varying 
from 15 to 249 feet thick at the base 
of the formation is arkosie and local- 
ly contains biotite and muscovite 
flakes as well as granite grains and 
pebbles. Occasional grains of feld- 
spar and granite and very rare gab- 
bro and quartzite pebbles have been 
observed in higher beds. Thin layers 
of dark-red or variegated, partly 
Micaceous shale and siltstone occur 
at different horizons. 

Red facies—Where best developed 
the red facies is characterized by 





large amounts of disseminated dark- 
red hematitie clay and silt and by 
the presence of relatively thick in- 
terbeds of dark-red, partly micae- 
eous, partly sandy shale and silt- 
stone. Where weakly developed, as 
in southern Lee County, the facies 
is distinguished mainly by hematitic 
films on the sand grains. 

Subdivision into members. — 
Throughout northern Illinois the 
Mt. Simon sandstone consists of a 
cyclic alternation of relatively fine- 
grained units and coarse-grained, 
granule-bearing units (figs. 2, 3). 
Although to the southeastward and 
westward granules become scarcer 
and smaller, and the entire forma- 
tion grows more silty and finer 
grained, the sequence still is clearly 
distinguishable. Some lateral grada- 
tion or interfingering may take place 
along the contacts between the units. 
The seven major units present are 
herein regarded as members, and are 
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Fic. 3.—Cross section of the Mt. Simon formation from the vicinity of Amboy, 
Illinois, to the vicinity of Sycamore, Illinois. 


named and described in ascending 
order. The members are made up of 
numerous subordinate units, many 
of which extend practically through- 
out the region. 

The type well for the four lower 
members is Wyman No. 1 (well 7), 
a cable-tool well in the NEY, NE 
SEY, See. 35, T. 41 N., R. 5 E., De- 
Kalb County, Illinois, sample set 
1301.2. The type well for the three 
upper members is McQueen No. 1 
(well 6), a cable-tool well in the 
SW NEY NE\ See. 27, T. 42 N., 
R. 3 E., DeKalb County, Illinois, 
sample set 1466. 

Crane member.—For the relative- 
ly fine-grained basal member of the 
Mt.Simon formation the name Crane 
member is proposed. The name is 


2Number of sample set in subsurface files of 
Illinois Geological Survey. Most samples in both 


sets represent five- or ten-foot intervals. 


(Line B-B’, fig. 1.) 


derived from the Crane School, 
NWY%NE% NW% See. 22, T. 40 
N., R. 5 E. DeKalb County, 4 miles 
south of the type well. The ‘‘type 
section’’ consists of samples 387 
through 491 in sample set 1301, ex- 
tending from depths of 3105 to 3845 
feet. The member ranges from 620 
to 740 feet thick (figs. 2, 3). The 
grains range from very fine to very 
coarse, and a few granules are rarely 
present, but the predominant grades 
are fine and medium. The lower por- 
tion of the member generally is 
more or less shaly, silty, and arkosie. 

Kenyon member.—For the thin 
conglomeratic sandstone overlying 
the Crane member the name Kenyon 
member is proposed. The name is 
derived from Kenyon school, NEY 
NWY% NW See. 17, T. 40 N., B. 
6 E., Kane County, 314 miles south- 
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east of the type well. The ‘‘type sec- 
tion’’ consists of samples ‘367 
through 386 in sample set 1301, ex- 
tending from depths of 2975 to 3105 
feet. The member ranges in thick- 
ness from 34 to 130 feet. Where less 
than 80 feet thick, it is composed 
chiefly of coarse-grained sandstone 
containing quartz granules, but 
where thicker it consists of conglo- 
meratic sandstone interbedded with 
nonconglomeratic layers. 


Lovell member.—The succeeding 
relatively fine-grained unit is here 
named the Lovell member for Lovell 
School, SW144 NW NE See. 2, 
T. 40 N., R. 5 E., DeKalb County, 
three-quarters of a mile southward 
from the type well. The ‘‘type sec- 
tion’’ consists of samples 348 
through 366 in sample set 1301, ex- 
tending from depths of 2850 to 2975 
feet. In thickness the member varies 
from 65 to 190 feet. Although grain 
ses range from very fine to very 
coarse, the predominant grade is fine 
or medium. In the McElroy well 
(11) the member is partly coarse 
grained to conglomeratic but is clear- 
ly separable from the adjacent 
eoarser-grained units. 


Mayfield member.—Overlying the 
Lovell member is a thick sequence 
of interbedded conglomeratic and 
nonconglomeratic sandstones for 
which the name Mayfield member is 
proposed. The name is obtained 
from Mayfield Township, T. 41 N., 
R. 4 E., DeKalb County, Illinois, 5 
miles west of the type well. The 
“type section’’ consists of samples 
300 through 347 in sample set 1301, 
extending from depths of 2495 to 
2850 feet. The thickness of the mem- 
ber ranges from 145 to 390 feet. The 
units composed of very coarse- 
grained to conglomeratic sandstone 
are from 5 to 125 feet thick; those 


made up of finer-grained nonconglo- 
meratice sandstone are from 10 to 90 
feet thick. In the McElroy well (11) 
most of the sequence is conglomer- 
atic, but in the Taylor and Parish 
wells (5, 9) granule beds are very 
subordinate. 

Lacey member.—The fifth Mt. Si- 
mon member consists principally of 
conglomeratic sandstone. It is here 
named the Lacey member from La- 
ecey School NWY%4 NWY% NW 
See. 31, T. 42 N., R. 4 E., DeKalb 
County, 2144 miles east of the type 
well. The ‘‘type section”’ consists of 
samples 257 through 278, in sample 
set 1466, extending from depths of 
1880 to 2070 feet. The thickness of 
the unit ranges from 176 to 230 feet. 
In most wells a bed or beds of com- 
paratively fine-grained nonconglo- 
meratie sandstone are present in the 
middle of the member, and in the 
Parish and McElroy wells (9, 11) 
interbeds of fine-grained sandstone 
oceur in the lower part of the unit. 
Red shale layers commonly are more 
abundant in the Lacey and higher 
members than in the underlying 
strata. 

Gunn member.—The Lacey mem- 
ber is overlain by a relatively fine- 
grained unit here named the Gunn 
member from Gunn School, NW14 
NWY%4 NW% See. 16, T. 42 N., R. 
3 E., DeKalb County, 234 miles 
northwest of the type well. The 
“*type section’’ consists of samples 
234 through 256 in sample set 1466, 
extending from depths of 1648 to 
1880 feet. In thickness the member 
varies from 71 to 260 feet. The grain 
size ranges from very fine to very 
coarse, and a few thin beds of gran- 
ule conglomerate generally are pres- 
ent. However, the grain size is con- 
spicuously finer than in the adjacent 
members, and in several wells the 
dominant grade is fine. 
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Charter member — The coarse- 
grained to conglomeratic uppermost 
member of the Mt. Simon formation 
is here named Charter from Charter 
Oak School, SEY4, SEY SE See. 
2, T. 42 N., R. 3 E., DeKalb County, 
31% miles north of the type well. The 
‘*type section’’ consists of samples 
204 through 233 in sample set 1466, 
extending from depths of 1381 to 
1648 feet. The member ranges from 
145 feet to 315 feet thick. In some 
wells it is composed almost entirely 
of very fine- to very coarse-grained 
sandstone which is mainly coarse 
grained and has one or more thin 
layers of granule conglomerate. In 
other wells conglomeratic sandstone 
makes up most of the member. 

Stratigraphic relations — The Mt. 
Simon sandstone rests unconformab- 
ly on a pre-Cambrian basement com- 
plex. Where it has been penetrated 
by wells in northern Illinois, the 
complex consists of granite with lo- 
cal felsite dikes (Grogan, 1949). 
The Mt. Simon is overlain by the 
Eau Claire formation with apparent 
conformity in both Wisconsin and 
Illinois (Twenhofel, Raasch and 
Thwaites, 1935, pp. 1693-1696, 1714- 
1715). 

Correlation—In Kane County, 
northeastern Illinois, the basal two- 
fifths of the Eau Claire formation 
is composed mainly of sandy dolo- 
mite and shale which contains obo- 
loid brachiopods in the lower half 
(fig. 2). Westward these beds grade 
laterally into gray, very fine- to 
coarse-grained sandstone which is 
given a sooty aspect by encrusting 
particles of black pyrite (Workman 
and Bell, 1949, pp. 2043-2049). The 
sooty sandstone extends into west- 
ern Illinois and northward to Win- 
nebago County. However, before 
reaching Beloit, Wisconsin, it passes 
laterally into light yellow sandstone 


which is distinguished from the un- 
derlying Mt. Simon sandstone by its 
finer grain-size and the absence of 
granules. Both the sooty and the 
yellow sandstone locally contain obo- 
loid brachiopod fragments. 

At the type section in Wisconsin 
the Mt. Simon sandstone shows the 
following sequence from the base 
upward: (1) granule-bearing, 3 feet, 
(2) without granules, 28 feet, (3) 
granule-bearing, 108 feet, and (4) 
without granules and containing 
oboloid brachiopod fragments, 95 
feet (Twenhofel, Raasch and 
Thwaites, 1935, pp. 1739-1740). It 
is thought most likely that units 1 
through 3 correspond, respectively, 
to the Lacey, Gunn, and Charter 
members and that unit 4 is equiva- 
lent to the basal Eau Claire sand- 
stone of northern Illinois. Definite 
correlations must await detailed sur- 
face and subsurface tracing between 
seloit and Eau Claire, Wisconsi 
However, if this interpretation 1s 
correct, it would appear desirablé 
to include unit 4 of the Mt. Simon 
type section in the Eau Claire for- 
mation because this unit (1) can be 
distinguished lithologically by the 
lack of granules, (2) is said to con- 
tain marine fossils, in contrast to 
the barren, presumably fresh-water 
beds beneath, and (3) grades east- 
ward into dolomite which is entirely 
similar to the dolomite facies of the 
Eau Claire formation. 

The sandstone termed ‘‘Mt. Si- 
mon’’ in eastern Minnesota directly 
underlies the Eau Claire Cedaria 
zone and in places contains much 
glauconite and glauconitic shale and 
siltstone (Atwater and Clement, 
1935, pp. 1674-1676), which in IIli- 
nois is entirely confined to the Eau 
Claire formation. Most of this sand- 
stone probably corresponds to the 
basal Eau Claire sandstone of north- 





Mt. Simon Sandstone in Northern Illinois 


TABLE 1. Typical HEAvy MINERAL ANALYSES IN PERCENTAGES 











Leucoxene 
| Magnetite 
Tourmaline 





Eau Claire sooty sandstone; base! 
Mt. Simon light-colored facies; top* 
Mt. Simon light-colored facies; lower’. . . . 


Mt. Simon light-colored facies; base‘.....|..|_ ||. 


Mt. Simon light-colored facies; base® 


Mt. Simon red facies; upper®............ > ee ots § 


Hinckley sandstone at Sandstone’ 
Hinckley sandstone at Net River*® 
Fond du Lac sandstone® 

Granite, Taylor No.1!° 

Granite, McElroy No. 1" 








| Titanite 





















































1Well 7, 1710’-1720’ (Herbert, 1944); 
2Charter member, Well 7, 1730’-1750’ 
(Herbert, 1944); 8Crane member, Well 7, 
3790’-3805’ (Herbert, 1944); +Crane mem- 
ber, Well 7, 3835’-3840’ (Herbert, 1944); 
5Crane member, Well 5, 2900’-2905’ 
(Marsden, 1933); *Gunn member, Well 
5, 1645’-1650’ (Herbert, 1944); 7Tyler 
and others, 1940, p. 1512, sample P438B; 

yler and others, 1940, p. 1512, sample 

423B; *Tyler and others, 1940, p. 1508, 
sample P405; 1°Well 5, 2955’-2960’ 
(Marsden, 1933); 11Well 11, 3760’-3772’ 
(Winchell, 1932; Grogan, 1949, pp. 
98-99); aangular; bunzoned; cincludes 
zoisite; dincludes ilmenite; ezoned; 
A=abundant but not included in anal- 
ysis; C—common; P=present; R= 
Tare; Tr — trace. 


ern Illinois, although true Mt. Simon 
strata locally may be included. 
Except that it is indurated, the 
type Hinckley sandstone is exceed- 
ingly similar to the light-colored Mt. 
Simon sandstone of northern Illinois 
(Atwater and Clement, 1935, pp. 
1669-1672, 1680; Stauffer and Thiel, 
1941, pp. 15-23). The heavy mineral 
suites are fairly similar (table 1), 
although the Hinckley generally has 
higher proportions of magnetite, il- 
menite and leucoxene and lower pro- 
portions of tourmaline and zircon. 
Feldspar is rare in the Hinckley, 
rare in the Mt. Simon of Illinois, ex- 


cept in the basal arkosie zone, and 
present only in very low percentages 
in the Mt. Simon of the type area 
(Stauffer and Thiel, 1941, p. 18, 
table 1). 

The contact between the Hinckley 
and the underlying red Fond du Lae 
formation is gradational (Stauffer 
and Thiel, 1941, p. 17). The chief 
differences between the two sand- 
stones are (1) the higher iron-oxide, 
shale, and feldspar content of the 
Fond du Lae, and (2) the presence 
of apatite and garnet and a higher 
percentage of leucoxene in the Fond 
du Lae heavy mineral suite. It 
seems most likely that the Fond du 
Lac is an arkosic, impure, basal 
facies of the Hinckley formation, the 
heavy minerals of which were de- 
rived from sources that later became 
buried. An analogous situation oe- 
curs in northern Illinois where the 
heavy mineral suite of basal Mt. 
Simon strata locally differs from 
that of the higher beds (table 1). 

Raasch (1950) has presented evi- 
dence for the Cambrian age of the 
Hinckley and Fond du Lae forma- 
tions. The writer tentatively corre- 
lates the entire Hinckley-Fond du 
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Lae sequence with the Mt. Simon 
sandstone of northern Illinois. Fur- 
ther study is needed to determine 
whether it has the same succession 
of conglomeratie and finer-grained 
members. Since no lithologic or 
physical evidence has been found for 
a formational break in the northern 
Illinois sequence, the name Mt. Si- 
mon is applied throughout. 

The Mt. Simon sandstone of north- 
ern Illinois also is considered equiv- 
alent to the Bayfield and Jacobsville 
sandstones of the south shore of 
Lake Superior (Raasch, 1950) and 
to the Lamotte sandstone of eastern 
Missouri (Workman and Bell, 1948, 
pp. 2041-2043, figs. 2, 3). 


HistoricaAL INTERPRETATIONS 


In Wisconsin the pre-Cambrian 
surface appears to have been a pene- 
plain interrupted by monadnocks. 
The sparse data provided by wells 
in northern Illinois also suggest that 
the basement surface had slight re- 
lief. 

It has been suggested that the Mt. 
Simon sandstone was rapidly depos- 
ited in a shallow, fresh- or brackish- 
water inland sea (Twenhofel, Raasch 
and Thwaites, 1935, pp. 1714-1715). 
The fact that the sandstone seems to 
be thickest in northern Illinois in- 
stead of thickening southward like 
most other Paleozoic formations sup- 
ports this concept. Rapid sinking 
of the basement must have accom- 
panied deposition to produce by far 
the thickest formation in Lllinois. 
Periodie uplifts of the surrounding 
borderlands sent influxes of pebbly 
sand into the sea. Nonconglomeratic 
sand was laid down during intervals 
of crustal quiescence. 

Probably the Mt. Simon quartz 
sand was derived mainly from weath- 
ered granites and gneisses to the 


north and was transported to the 
sea by streams. The general lack of 
rounding, frosting, and sorting indi- 
cates that the sand was not greatly 
reworked before deposition. The 
differences between the heavy miner- 
al suites of the Mt. Simon and the 
underlying granite in northern IIli- 
nois (table 1) and the partial round- 
ing of most Mt. Simon heavy min- 
erals show that the bulk of the basal 
sand was not derived from the gran- 
ite of that region. However, ero- 
sion of the granite contributed angu- 
lar feldspar fragments to the ini- 
tial sediments. The arkosie zone 
probably is thickest in the areas of 
greatest basement relief, as adjacent 
to monadnocks. That a minor part 
of the basement in northern Illinois 
or nearby areas consisted of schist 
is demonstrated by the presence of 
angular garnets in the heavy min- 
eral suite of basal Mt. Simon strata 
in the Taylor and Wyman wells (5, 
7) and by the occurrence of small 
schist fragments in the Mt. Simon of 
the Parish well (9). 

In an area northward from Illi- 
nois a red clayey mantle probably 
developed on granitic rocks under 
conditions of low relief and a warm, 
humid climate, such as prevail at 
present in the southern Appalach- 
ian piedmont. It is believed that the 
Mt. Simon red facies was deposited 
off the mouth of a river which 
drained this area and discharged 
into the sea north of Belvidere, 
Boone County. The similarities in 
the heavy minerals of the red and 
light-colored facies suggest that both 
were derived from the same gran- 
itic terrane. Enlargement of the 
sea just prior to the marine invasion 
of Eau Claire time (Twenhofel, 
Raasch, and Thwaites, 1935, pp. 
1714-1715) is reflected in abrupt 
overlap of the red sediments by & 
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relatively small thickness of white 
sandstone. Persistence of a drainage 
system which furnished red clasties 
is suggested by the recurrence of a 
similar red facies in the Franconia 
and uppermost Eau Claire strata of 
Boone County. 
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PETROLOGY OF THE BASAL HIGH-PURITY BED 
OF THE BURLINGTON LIMESTONE* 


DONALD L. GRAF 
State Geological Survey, Urbana 


A high-purity, virtually chert-free 
limestone occurring near the base of 
the Burlington limestone in western 
Illinois is being mined or quarried 
at Quincy, Gladstone, and Pearl. 
This article presents the results of 
an initial study of the petrology of 
this 10 to 25-foot unit. Twenty thin 
sections, perpendicular to the bed- 
ding, were prepared from specimens 
collected at the localities mentioned, 
especially the Quincy area. 

The specimens are mixtures, in 
varying proportions, of five princi- 
pal components: (1) large frag- 
ments of erinoid plates and stem 
segments, which are inclusion-rich, 
unit-extinguishing sheets of calcite ; 
(2) secondary white calcite, depos- 
ited in optical continuity upon the 
detrital fragments; (3) moderate to 
fine-grained fossil detritus, inelud- 
ing fragments of bryozoa, pelecy- 
pods, brachiopods, and smaller bits 
of crinoid plates and stem segments ; 
(4) very fine-grained dark gray in- 
terstitial calcite; and (5) small unit- 
extinguishing rhombs of dolomite. 
Coarsely crystalline specimens of 
the limestone consist chiefly of the 
secondarily enlarged pieces of eri- 
noidal calcite. Finely crystalline 
varieties show pronounced banding 
in thin section, with different bands 
varying both in components and in 
particle size. The banding, in gen- 
eral, parallels the bedding planes of 
the rock, but in detail it may be con- 
torted or lenticular at some places. 


* Published by permission of the Chief, Illinois 
State Geological Survey. 


Dolomite rhombs occur mostly in 
the fine-grained interstitial carbon- 
ate component, and are thus com- 
monest in fine-grained varieties of 
the rock. 


History oF EvENTSs 


The history suggested by the thin- 
section study is indicated in table 
I. In the first stage crinoid frag- 
ments were deposited with a mud 
containing abundant fossil frag- 
ments. The interstitial material be- 
tween the crinoid fragments con- 
tains far too much debris and is too 
fine grained to have crystallized 

‘ 


Fic. 1.—Subparallel alignment of smal- 
ler detrital fragments. Parallel nicols, 
20 X. 
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from circulating water. A streak- 
iness in the fine-grained portion of 
the interstitial material arises in 
part from the presence of elongate, 
laminated pieces of pelecypod shells, 
and, almost certainly, in part from 
the original deposition of elongate 
pieces of fossil detritus in planes 
essentially parallel with the ocean 
floor. However, a ‘‘streamline’’ ef- 
fect seen in some places (fig. 1), in 
which sub-parallel particles diverge 
to go around larger particles, sug- 
gests local flowage during compac- 
tion which accentuated the other two 
features. 

Secondary white calcite, free of 
inclusions, was deposited in optical 





Fic. 2.—Portion of crinoid stem seg- 
Ment (a), secondary calcite rim (b), 
Yein-like extension of rim (c), “island” 
(d), and fine-grained aggregate inter- 

as result of late partial destruc- 
tion of vein-like extension (e). Parallel 
Nicols, 135 X. 


continuity upon the large, inclusion- 
tich, unit-extinguishing sheets of cal- 
tite in crinoid plates. Less common- 
ly (fig. 2) it forms vein-like exten- 
sions into fine-grained interstitial 
taleite. Secondary calcite from two 
or more nearby fragments common- 
ly meets along a curving contact, 
giving rise to local areas in the rock 





that are coarsely crystalline aggre- 
gates (fig. 3). The deposition of 
secondary white calcite has been so 
extensive in some places as to cut 
across and isolate areas of streaked 
interstitial material. In these areas 
rearrangement of particles by flow- 
age would have been unlikely with- 
out some disruption of the second- 
ary calcite, which has not been seen; 





Fic. 3.—Secondary calcite rims on 
adjacent grains grown together to form 
a coarse-grained rock, with small rem- 
nant areas of dark fine-grained inter- 
stitial calcite. Parallel nicols, 20 X. 


hence deposition of secondary cal- 
cite is placed after compaction and 
flowage. 

The margins of many of the sec- 
ondarily enlarged calcite sheets in 
contact with interstitial carbonate 
are ragged, and the question arises 
as to which calcite is replacing the 
other. The fact that there are out- 
lying islands of secondary white cal- 
cite in optical continuity with larger 
areas (fig. 2) suggests that the fine- 
grained interstitial calcite is the ac- 
tive replacing agent, but the ‘‘is- 
lands’’ may actually be continuous 
in the third dimension with the main 
mass. Further evidence is furnished 
by a few fine-grained aggregates of 
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grains in center of picture; two unit- 
extinguishing sheets of inclusion-rich 
crinoid calcite below. Crossed nicols, 
65 X. 


clear white calcite adjoining the 
secondary calcite projections, which 
are best explained as partially re- 
sorbed marginal portions of the pro- 
jections. 

‘‘Ghosts’’ in the interstitial cal- 
cite show outlines of larger calcite 
particles that are now represented 
by an aggregate of small grains (fig. 
4). Although the ‘‘ghosts’’ were not 
necessarily formed at the same time 
as the partial solution of the second- 
ary carbonate rims, their presence 
does indicate that coarsely erystal- 
line caleite has at one time during 
the history of the rock undergone 
alteration to a fine-grained aggre- 
gate. Both these solution effects can 
be placed, with considerable assur- 
ance, later than deposition of sec- 
ondary calcite because cores of or- 
ganic calcite lying within the see- 
ondary calcite rims are smooth and 
uncorroded. 

The dolomite rhombs have been 
identified by Debye powder X-ray 
diagrams ; in the absence of evidence 
to the contrary, they are assumed to 
be of a single age and of essentially 


constant composition. They are lat- 
er than the postulated compaction, 
for they cut across ‘‘streamline’’ 
textures. They are earlier than at 
least part of the period of replace- 
ment of coarsely crystalline calcite, 
for many thin sections contain 
rhombs that have been partially dis- 
solved (fig. 5). The prominence of 
this solution varies considerably 
within limited stratigraphic thick- 
nesses. The age of the rhombs with 
regard to the deposition of second- 
ary calcite is uncertain. A _ few 
rhombs project into the secondary 
calcite, but it is not yet known 
whether the rhombs have replaced 
the coarsely crystalline material, or 
the latter has replaced the material 
around the rhombs but left them 
untouched. 


Minor CoMPpoNENTS 


Uncommon small irregular areas 
of low birefringence, moderate in; 
dex, and non-uniform extinction are 
found within large unit-extinguish- 
ing crinoid plates (fig. 6). They are 
not potash feldspar, since a sodium 
cobaltinitrite staining test gave neg- 





Fie. 5.—Dolomite rhomb partially dis- 
solved along left-hand margin. Parallel 
nicols, 280 X. 
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Table I. History of Events 





1, Deposition of detritus from 
crinoids; interstices between 
larger crinoid fragments 
filled with mixture of lime 

| mud, glauconite granules, 
s and fossil detritus. 








2. Compaction locally accen- 
tuates parallelism of elon- 
gate particles in interstitial 






































material. 

3. Deposition of secondary cal- Formation of 
cite in optical continuity upon dolomite rhombs. 
crinoid fragments 

Some crinoid frag- 
ments in inter- 4. Secondary calcite partially 
stices reduced to replaced by fine-grained 
fine-grained aggre- aggregate, perhaps contem- 
gates, poraneously with solution of 
dolomite rhombs and with re- Partial solu- 
3 placement of small detrital tion of dolomite 
fragments. rhombs. 
_ & | | 


_ Se 


} 





tis Fic. 6.—Aggregate of grains which Fic. 7.—Glauconite grain in dolomite- 

Hel May be secondary silica, lower center rich Burlington limestone. Parallel 
near margin of ctinoid stem segment. nicols, 65 X. 

Crossed nicols, 65 X. 
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ative results, but they may be sec- 
ondary silica. 


Rounded areas of a greenish ma- 
terial (fig. 7) give an X-ray pattern 
and a differential thermal curve 
which correspond in general with 
those expectable for glauconite, but 
this identification will not be mean- 
ingful until glauconite and related 
layer-lattice minerals have under- 
gone much more study as mineral 
types. A basal spacing of 10 Ang- 
strom units was noted, but other 


critical X-ray reflections were ob- 
secured by lines of quartz, which oe- 
curred even in the 1-micron fraction 
of the ‘‘glauconite.’’ These rounded 
greenish areas do not cut across 
other structures, and are most likely 
detrital in origin. Many dolomite 
erystals end abruptly against the 
‘*glauconite,’’ without completing 
the rhomb shape. In some cases they 
penetrate into cracks, but no actual 
replacement of ‘‘glauconite’’ by 
either calcite or dolomite has been 
noted. 
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METAMORPHIC DEVELOPMENT OF THE EASTERN 
PART OF THE CRAWFORD NOTCH QUADRANGLE, 
NEW HAMPSHIRE 


DONALD M. HENDERSON 
University of Illinois, Urbana 


The Crawford Notch quadran- 
gle is situated in the White Moun- 
tains of central New Hampshire. The 
rocks in the quadrangle are of two 
major types: (1) metamorphic and 
plutonic rocks of Devonian age and 
(2) mildly alkaline igneous rocks of 
probable Mississippian age. This pa- 
per is concerned with the evolution 
of the Devonian metamorphic and 
plutonic rocks. 


. 


LITHOLOGY 


Terminology.—The term ‘‘grani- 
tic’’ material is used in a mega- 
scopic descriptive sense to refer’ to 
light-colored granitic-looking rock 
contained in gneiss and schist. The 
terms granite, quartz monzonite, 
granodiorite, and quartz diorite are 
used purely in a descriptive sense 
to designate essentially massive 
granular rocks which have mineral- 
ogic compositions according to the 
classification of Johannsen (1939). 
None of these terms have genetic 
connotations. 

General features—The Devonian 
rocks consist mainly of gneiss and 
schist of the Littleton formation 
which contain about 50 percent of 
intermixed ‘‘granitic’’ material. A 
small amount of fine-grained gneiss 
and lime-silicate granulite is locally 
interbedded in the gneiss and schist. 

Also in the area are three bodies 
of quartz monzonite each approxi- 
mately two miles across. 


Littleton formation.—The bulk of 
the Littleton formation consists of 
medium-grained _biotite- muscovite 
gneiss which contains approximately 
an equal amount of ‘‘granitic’’ ma- 
terial in lenses, bands, and small 
irregular bodies. Locally, the 
amount of ‘‘granitic’’ material 
ranges from a few percent to almost 
90 percent. It is predominantly con- 
cordant in rocks which contain less 
than 50 pereent. Much is discordant 
in rocks which contain more than 
50 percent. The mineralogic com- 
position of the average gneiss is 
given in column 1 of table 1. The 
mineralogic composition of the 
‘‘eranitic’’ material is like that of 
column 3 of table 1. 

Six areas of schist which range 
from approximately one-half to two 
square miles occur in the gneiss in 
the northeastern quarter of the quad- 
rangle. The typical schist is me- 
dium-grained muscovite-biotite-chlo- 
rite schist and is spangled with por- 
phyryblasts of muscovite approxi- 
mately 0.5 to 1 em. across. Most of 
the schist contains approximately 
50 percent ‘‘granitic’’ material sim- 
ilar to that in the gneiss. In many 
areas the schist occurs as fragments 
ranging from an inch to many feet 
across. A body of schist in the north- 
east corner of the quadrangle and 
a small projection of schist from a 
large area in the Mt. Washington 
quadrangle to the north are the only 
large areas of schist which contain 
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TABLE 1.—APPROXIMATE MopEs OF META- 
MORPHIC AND PLUTONIC ROCKS, 
CRAWFORD NoTCH QUADRANGLE, 
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Average mode of gneiss. 

Average mode of schist. 

Average mode of “granitic’’ material 

in schist. 

4. Fine-grained thin-bedded gneiss, rail- 
road cut, Crawford Notch. 

5. Actinolite-diopside granulite, cen- 
tral part of Crawford Notch quad- 
rangle. 

6. Diopside-actionolite granulite, cen- 
tral part of Crawford Notch quad- 
rangle. 

7. Biotite-actinolite-garnet granulite, 
east edge of Crawford Notch quad- 
rangle. 

8. Average mode of quartz monzonite. 


go fer 


‘ 


practically no ‘‘granitic’’ material. 
An average mode of the schist is 
given in column 2 of table 1. An 
average mode of ,‘‘granitic’’ ma- 
terial in schist is given in column 3 
in table 1. 

Lenses and groups of beds of fine- 
grained gneiss and _lime-silicate 
granulite which range from a few 
inches to tens of feet thick are scat- 
tered through the gneiss and schist. 
The bedding is almost undeformed 
in most places, and in many places 
resembles the bedding of varved clay. 
The composition differs greatly in 
different beds. Some of the most 
typical compositions are shown in 
columns 4 to 7 in table 1. Much of 


the fine-grained gneiss and lime-sili- 
cate granulite occurs in broken frag- 
ments and slabs, ranging from a few 
inches to tens of feet across, in gneiss 
and schist containing 50 percent 
‘*eranitic’’ material. 

Quartz monzonite.—Rocks includ- 
ed under the term quartz monzonite 
actually range in composition from 
sodic quartz diorite to granite. The 
structure ranges from gneissose to 
massive. The average rock is slightly 
foliated biotite-muscovite quartz 
monzonite. An average mode is giv- 
en in column 8 of table 1. 

Much of the quartz monzonite oc- 
eurs in dikes and irregular small 
bodies in the Littleton formation. It 
is similar in appearance to the pre- 
dominantly concordant ‘‘granitic”’ 
material in the Littleton formation. 
The distinction between the quartz 
monzonite and the ‘‘granitic’’ ma- 
terial is arbitrary and is based chief- 
ly on structural relations. The 
quartz monzonite is predominantly 
discordant and occurs in larger bod+ 
ies than the ‘‘granitic’’ material. 

The quartz monzonite occurs in 
only three bodies large enough to 
map geologically. The contacts are 
gradational into the gneiss and 
schist of the Littleton formation. An 

interesting relationship exists be- 
tween the size and composition of 
the bodies of quartz monzonite. In 
general, the small bodies are quartz 
dioritic or granodioritie in composi- 
tion, whereas the larger bodies ap- 
proach a true granitic composition. 


STRUCTURE 


Only a brief and generalized ac- 
count will be given of the structural 
features. The rocks are greatly and 
irregularly contorted and the de- 
tailed structural relations are not 
easily discernable because of their 
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TABLE 2.—CHEMICAL ANALYSES OF DEVONIAN METAMORPHIC AND PLutToNiIc Rocks 
IN NEw HAMPSHIRE 
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| 
1 2 3 4 5 6 7 8 
Saree 58.92 | 58.14) 61.40 | 56.23 | 66.68 | 62.87 63.5 68.8 
ON gS aos 0.93 0.65 0.92 | et 0.87 0.92 0.9 0.4 
7 ee 18.55 21.00 19.04 23.15 18.17 17.43 17.6 15.9 
Fe2O3...... 0.94 0.33 0.63 1.17 0.90 0.55 0.9 0.5 
ee 6.63 6.32 6.90 6.94 4.98 6.67 6.5 4.0 
MnO. 0.08 0.06 0.07 0.12 Tr. 0.23 Tr. Tr. 
MgO....... 3.24 3.41 2.10 2.21 1.42 2.71 2.5 1.2 
Sa 0.48 0.32 0.90 0.26 0.76 0.59 0.7 1.5 
* ae 1.49 1.10 1.30 1.14 0.74 1.2 1,7 2.9 
MOR sc.’ 3.74 3.85 3.74 4.53 2.89 4.08 4.0 4.2 
H.0+..... 3.90 4.47 2.89 2.75 1.75 2.10 2.0 0.6 
oS Sw 0.11 n.d. 0.06 0.09 0.40 0.08 
COz.. 0.25 0.00 0.01 0.01 0.00 0.02 
ee 0.14 0.00 0.08 0.18 Tr. 0.11 
SS aae 0.17 0.09 0.08 0.02 0.05 0.04 
Rs ae n.d. 0.04 n.d. n.d. n.d. n.d. 
BR aerers n.d. n.d. n.d. n.d. 0.29 n.d. 
O-S corr ee ew mn ft a Pee regs memes -0.02 
Total...| 99.51 99.78 | 100.09 99.90 99.90 | 100.09 | 100.0 100.0 





























1. Slate, Littleton formation, Littleton quad- 
rangle (Billings, 1941, p. 902). 

2. Slate, Littleton formation, Littleton quad- 
rangle (Billings, 1937, p. 556). 

8. Fine-grained pseudo-andalusite schist, Little- 
ton formation, high-grade zone, Mt. Wash- 
ington quadrangle (Billings, 1941, p. 902). 

4. Coarse pseudo-andalusite schist, Littleton 

. formation, high-grade zone, Mt. Washington 
quadrangle (Billings, 1941, p. 902). 

5. Sillimanite schist, Littleton formation, high- 
oo zone, Franconia quadrangle (Billings, 

38). 

6. Banded gneiss, composed of approximately 
equal amounts of dark and light bands, Little- 
ton formation, Mt. Washington quadrangle 
(Billings, 1941, p. 902). 

7. Approximate average composition of gneiss 
and schist in the Littleton formation, Craw- 
ford Notch quadrangle. Calculated from the 
average mode, 

8. Approximate average composition of quartz 
monzonite in the Crawford Notch quadrangle. 
Calculated from the average mode. 


complexity and irregularity, the in- 
tense metamorphism, and the lack 
of outcrops in many critical places. 
Most of the major folds probably 
trend approximately northeast- 
southwest. Minor folds rarely show 
systematic relations to one another 
or to major folds. Irregular minor 
folds are particularly conspicuous 
in areas of gneiss and schist which 
contain abundant ‘‘granitic’’ ma- 
terial. 


Much of the quartz monzonite oe- 





curs in irregular discordant bodies 
which are less than 50 feet across. 
It is so abundant in most of the 
gneiss and schist that it cuts these 
highly contorted rocks into extreme- 
ly coarse breccias with blocks rang- 
ing from an inch to several hundred 
feet across. 

The large bodies of quartz mon- 
zonite are irregularly shaped, essen- 
tially cross-cutting and gradational 
into the surrounding gneiss and 
schist. The foliation of the quartz 
monzonite and the foliation of the 
abundant bands of gneiss and schist 
within the quartz monzonite are 
essentially parallel to that of the sur- 
rounding gneiss and schist. 


METAMORPHISM 


Original nature of the Littleton 
formation. — Local preservation of 
sedimentary bedding, the chemical 
composition, and correlation with 
rocks of unmistakable sedimentary 
origin in the Littleton-Moosilauke 
area indicate that the gneiss, schist, 
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fine-grained gneiss and lime-silicate 
granulite originally were sediments. 
Lithologie correlation and compar- 
ison of the chemical composition of 
the high-grade metamorphic rocks 
in the Crawford Notch area with 
those of the low-grade shales and 
slates in the Littleton quadrangle 
indicate that the original sediments 
in the Crawford Notch region were 
predominantly shales and sandy 
shales. Analyses and calculated an- 
alyses of such rocks may be com- 
pared in table 2. The mineralogic 
compositions of the fine-grained 
gneiss and lime-silicate granulite 
(table 1) indicate that small 
amounts of impure sandstone, ar- 
kose, and dolomite were interbedded 
with the shale. 

Stage of recrystallization. — The 
first major change during metamor- 
phism of the shaly sediments prob- 
ably was simple recrystallization 
with essentially no differential move- 
ment of chemical constituents over 
distances greater than a few milli- 
meters. The resulting products were 
schist and gneiss which probably con- 
tained no intermixed ‘‘granitic’’ 
material. Although most of the re- 
crystallized rocks were subsequently 
greatly modified, local remnants 
have survived. The rocks were re- 
crystallized in response to increase 
in temperature and pressure, par- 
ticularly differential pressure. The 
generally coarse grain-size and the 
widespread occurrence of sillimanite 
indicate that high-grade conditions 
were reached throughout most of 
the quadrangle. 

Stage of reconstitution.—Through- 
out most of the quadrangle simple 
recrystallization was followed by a 
stage of reconstitution which in- 
volved widespread movement of ma- 
terial. The resulting product was 
gneiss and schist containing abun- 


dant intermixed ‘‘granitie’’ material. 
Movement of material is clearly indi- 
cated by the oceurrence of all stages 
of destruction of the original sedi- 
mentary features which survived the 
stage of recrystallization. Further- 
more, all steps in the regrouping of 
constituents into light and dark 
bands can be observed. Although 
movement of material was wide- 
spread the similarity in composition 
(table 2) of the reconstituted rocks 
and the original and recrystallized 
rocks indicates that the distance of 
movement of the individual consti- 
tuents probably was less than a few 
feet or tens of feet. 

The reconstitution of the schist 
and gneiss into rocks with segregat- 
ed dark and light bands is believed 
to have taken place by a process of 
metamorphic differentiation essen- 
tially like that proposed by Eskola 
(1932). The process depends chiefly 
upon the greater solubility of the 
light-colored minerals and a tend+ 


ency for the constituents of such, 


minerals to collect and crystallize 
along the foliation. Metamorphic 
differentiation was favored by con- 
tinuation and increase in tempera- 
ture conditions from the preceding 
stage of recrystallization. The move- 
ment of constituents in metamorphic 
differentiation probably was chiefly 
in solution by flow and diffusion 
through inter-granular and larger 
spaces. Solid diffusion through erys- 
tal structures probably was not im- 
portant because the larger atoms or 
ions such as K, Na, and Ca appar- 
ently moved as easily as the smaller 
Fe, Mg, and Al atoms. 

Stage of metasomatism.—A stage 
involving differential movement of 
material followed the stage of recon- 
stitution and resulted in the forma- 
tion of the typically discordant 
quartz monzonite. The stages prob- 
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ably were transitional because com- 
plete gradation exists between the 
composition and structural oceur- 
rence of the ‘‘granitic’’ material in 
gneiss and schist and those of the 
quartz monzonite. 

Comparison of the composition of 
the average quartz monzonite with 
that of the older rocks (table 2) in- 
dicates an introduction of CaO, 
Na,O, K,O, and SiO, and a removal 
of FeO, MgO, and Al,O,. The dif- 
ferential movement of material caus- 
ing the changes in composition prob- 
ably was aided by widespread frac- 
turing of the previously formed 
rocks which allowed easier move- 
ment of material over distances of 
many feet. The formation of the 
large bodies of quartz monzonite 
may have been favored by localized 
extreme fracturing. Intermediate 
steps in the formation of the larger 
bodies are apparent in many places. 

Metasomatism or intrusion of 
melts appear to be the major alterna- 
tive mechanisms for the production 


matism by solutions contributing 
CaO, Na,O, K,O and SiO, and re- 
moving FeO, MgO, and AI,O, is be- 
lieved to be the most probable me- 
chanism because of abundant evi- 
dence of replacement and because of 
the large amount of heat necessary 
to produce a silicate melt. 
Retrograde stage.—The preceding 
stages produced under conditions of 
increasing temperature and pressure 
were followed in many places by 
changes apparently in response to 
conditions of decreasing intensity. 
The changes were similar to those in 
many other areas. The most con- 
spicuous were chloritization of bio- 
tite and sericitization of sillimanite, 
andalusite, and plagioclase. 
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PREGLACIAL GRAVELS IN HENRY COU} 


NTY, ILLINOIS 


LELAND HORBERG 
University of Chicago, Chicago 


Preglacial deposits of iron-stained 
chert gravels underlie the glacial 
drift at a number of localities in the 
Mississippi Valley region (fig. 1). 
These gravels, which generally have 
been referred to the late Tertiary 
Lafayette formation, are significant 
in recording geologic events during 
closing stages of the lost interval 
between Pennsylvanian bedrock de- 
position and Pleistocene glaciation. 
It is the purpose of the present 


Wisconsin drift 


Kewanee, Henry County, Illinois 
(400 feet N. of S. W. cor. see. 3, T. 
15 N., R. 4 E.), in the section de- 
scribed below. 

The Tertiary gravels differ from 
all known glacial deposits in the area 
in their degree of surface alteration, 
polish, and uniform siliceous compo- 
sition. Their lithology, based on a 
count of 120 pebbles, is 79% chert, 
18% vein quartz, and 3% quartzite. 
Crystalline rocks and local bedrock 


Thickness Depth 
Peorian loess . Ft. In. Ft. In. 
URINE Sh aN ass Drs wel Wn a ateluace edule’ w:ei-é peak Tele ae. maw. aware 0 6 0 6 
Loess, tan, mottled gray, non-calcareous............... 3 0 3 6 


Loess, tan to gray, calcareous, concretions 


Farmdale loess 


ah ahiea tame 2 0 5 6 


Silt, carbonaceous, peaty, gray with black humus streaks, 


abundant gastropods in pockets, non-calcareous...... 0 4 S-Ni 
Loess, maroon-brown, compact, non-calcareous, gastro- 
NE vO Case Ree oS CARAS Chad CES © Cdn bE Le eek 2 0 7 10 


Illinoian drift 


Gumbotil, gray-brown, siliceous residuals, non-calcare- 
ous except for some secondary enrichment at top..... 2 6 10 4 
Till, yellow-brown, abundant chert mixed with other 


‘D 


le, 
Il. 


rock types, non-calcareous ........ 


Sand, brown, in local channel ..... 
Tertiary gravel 


11 


Gravel, 80% brown fossiliferous chert, iron oxide patina- 
tion, rounded to angular, average 1 to 2 inches, ir- 


regular basal contact ........ 
Pennsylvanian (Canton) shale 


Shale, yellow-buff, micaceous, clayey, broken down by 


DIED Shoda al eyo s.0s ak cules s 


Shale, buff-gray, stratified ........ 


paper to describe gravels from a new 
locality in western Illinois and to in- 
dicate their bearing on late Tertiary 
geomorphic events. 


DESCRIPTION 


The gravels are exposed in a high- 
way cut (fig. 2) 7 miles northwest of 


6 18 10 
23 «10 


ow 
—) 


appear to be completely absent. 
Nearly all the cherts have a yellow- 
brown iron oxide patina 1-3 mm. 
thick which is as hard and dense as 
the interior of the pebbles. A few 
cherts have a whitish surface altera- 
tion and the quartz and quartzite 
pebbles show surficial iron-staining. 
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The brown chert pebbles, which 
make up 70% of the deposit, con- 
tain fossil corals, crinoids, and bra- 
chiopods of Lower and Middle Silur- 
ian age (Heinz Lowenstam, personal 
communication, 1950). 

The pebbles range in diameter 
from a fraction of an inch to 7 in- 
ches, the average being between 1 
and 2 inches. The brown chert peb- 
bles are larger than the other types 
and there is a distinct variation in 
average size from one part of the ex- 
posure to another. All the cherts 
are angular. Many pebbles are 
broken rounds, some are chipped, 
and a few have percussion mark- 
ings. The gravels are unconsolidated, 
and the matrix, if it was ever pres- 
ent, has been removed by weather- 
ing. 

The basal contact of the gravel is 
irregular and slopes to the south and 
west. Since the low ridge crest on 
which the gravels occur slopes north- 
east, it is clear that the gravels were 
laid down-on a land surface unre- 
lated to the present topography. 

The upper part of the Canton 
shale underlying the gravels is oxi- 
dized and mechanically weathered to 
a depth of about 3 feet. Under the 


‘microscope the weathered shale is 


seen to differ from the unaltered 
shale in its lack of stratification, 
disaggregation into silt and clay-size 
particles, oxidation, and content of 
limonitie aggregates. 

The gravels occur at an elevation 
of 730 feet near the northern margin 
of a buried bedrock upland, which 
locally has an average elevation of 
about 750 feet and lies 450 feet 
above the buried bedrock valley of 
the ancient Mississippi river some 
15 miles to the north. The upland 
surface has been correlated with the 
Lancaster peneplain of the Driftless 
Area (fig. 1) (Horberg, 1946, pp. 
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186-188.) Farther south in western 
and southern Illinois nearly all oe- 
eurrences of preglacial gravel are on 
this surface or equivalent surfaces 
correlated with the Ozark and Cal- 
houn peneplains. 


CORRELATION AND AGE 


Although it is probable that simi- 
lar deposits of different ages are rep- 
resented and that some gravels are 
reworked, the deposits in the Missis- 
sippi Valley region can be correlated 
in a general way by lithology and 
physiographic position. On _ this 
basis the gravels in Henry County 
appear to be equivalent with the 
Windrow formation of Wisconsin, 
Iowa, and Minnesota (Thwaites and 
Twenhofel, 1921); the ‘‘Tertiary’’ 
gravels of LaSalle County (Will- 
man, 1942, pp. 140-141), Peoria 
County (Udden, 1912, p. 50) and 
other counties in western Illinois 
(Worthen, 1866, p. 330; 1870, p. 37; 
Bannister, 1870, p. 179; Salisbury, 
1891, pp. 252-253); the Grover 
gravel of the St. Louis region (Salis- 
bury, 1892, pp. 183-186; Rubey, 
1931) ; and the Lafayette gravel of 
southern Illinois and southeastern 
Missouri (Lamar and Sutton, 1930, 
pp. 857-859). Correlation with the 
Rockville conglomerate at Dyers- 
ville, Iowa (MeGee, 1891, p. 304) 
and the Pine Creek conglomerate 
near Muscatine, Iowa (Udden, 1899) 
is questionable because of the high 
proportion of crystalline rocks in 
these deposits. Also it is uncertain 
whether the two occurrences at lower 
elevations within the area of the 
Central Illinois peneplain (fig. 1) 
are primary or reworked. 

A Tertiary age for the gravels 
farther south is evidenced by their 
presence on truncated Eocene form- 
ations at the head of the Gulf em- 
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Fie. 2.—Highway cut 7 miles northwest of Kewanee, Illinois. Wp—Peorian 
loess; Wf—Farmdale loess; It—Illinoian gumbotil and till; Tg—rTertiary gravel; 
Pe—Pennsylvanian (Canton) shale. 


bayment and by the occurrence of 
Tertiary wood in the gravels near 
Grover, St. Louis County, Missouri 
(Rubey, 1931). Because the Eocene 
formations were beveled by the 
Ozark peneplain before deposition of 
the gravels, a late Tertiary age is 
indicated. <A similar age for the 
gravels in western Illinois is evi- 
deneced by their occurrence on a 
buried bedrock surface which ap- 
pears to be the northward continua- 
tion of the Ozark peneplain (Hor- 
berg, 1946, pp. 186-188). 


INTERPRETATION 


The gravels in Henry County 
probably were derived largely from 
residual accumulations on Silurian 
formations, which occur less than 20 
miles to the north, and were depos- 
ited, along with pre-Cambrian mate- 
rials from farther north, by a south- 
flowing stream. This is evidenced 
by the composition of the gravels 
and their angularity and poor sort- 
ing. The absence of locally-derived 
Pennsylvanian rocks in the gravels 


further suggests that they represent 
a widespread aggradational deposit 
rather than a channel fill and also 
that they are primary rather than 
locally re-worked from older gravels. 

The physiographic position and 
character of the gravel in Henry 
County are in full accord with other 
occurrences in the Mississippi Val- 
ley region and suggest that the fol- 
lowing major geomorphic events 
were contemporaneous over a wide 
area : 

1. Development of the Lancaster- 
Calhoun-Ozark peneplain in middle 
to late Tertiary time. Weathering 
of the Canton shale in Henry 
County. 

2. Uplift of grawel-source areas 
to the north and initiation of a new 
eycle marked by gravel deposition. 
Removal of the upper part of the 
weathered zone on the Canton shale 
and deposition of gravel in the local 
area by a south-flowing stream. 

3. Development of the Central 
Illinois peneplain and Havana 


strath in central Illinois (Horberg, 
1946). Weathering of gravels and 
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probably some subsequent erosion 
and redeposition in western Illinois. 
4. Erosion of deep bedrock val- 
leys and removal of gravels except 
for patches on remnants of the Lan- 
easter surface. 
5. Pleistocene glaciation result- 
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ing in further stripping of gravels 
and their final burial. Henry 
County probably was glaciated dur- 
ing the Nebraskan and Kansan 
stages, as well as the Illinoian, al- 
though the record at the gravel local- 
ity is incomplete. 
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THE NEDA FORMATION IN NORTHEASTERN ILLINOIS: 


L. E. WORKMAN? 
Illinois State Geological Survey, Urbana 


In the vicinity of Mayville, Wis- 
consin, an ‘‘oolitic hematite’’ called 
‘*seed ore,’’ ‘‘flaxseed ore,’’ or ‘‘shot 
ore,’’ was originally designated by 
Chamberlin® as the‘‘ Clinton iron ore 
deposit.’’ He described the grains 
of iron ore as ‘‘little lens-shaped con- 
eretions’’ composed of hydrated 
hematite averaging 1/25 inch (1 
mm.) in diameter, but varying from 
1/10 inch (2.5 mm.) to those that are 
very minute. Cross sections indi- 
cated that the ore occurs between the 
Cincinnati shale and the ‘‘ Niagara 
limestone.’’ He stated that, although 
a few fossils of Cincinnatian age 
were reported to have been found 
in ore enclosed in a mass of glacial 
drift, an obvious unconformity at 
its base in outcrop and a less appar- 
ent break at the top indicate the de- 
posit to be Silurian. He suggested 
that it was made in detached shallow 
basins over which the succeeding Sil- 
urian sea spread more widely. Fig- 
ure 1 is a photograph of ore recently 
obtained at Mayville. 

Thwaites* further described the 

deposits of ‘‘Clinton”’ ore as oceur- 
ring in eastern Wisconsin in broad 
lenses varying in thickness up to a 
known maximum of 55 feet. He 
pointed out that at many places 
where the iron ore is not present 
there are nevertheless beds of red 
rock at the same horizon, and pre- 
: 1 Published by permission of the Chief, Illinois 
State Geological Survey. (Presented at the 1949 
meeting of the Academy.) 
_? Geologist and Head, Subsurface Geology Divi- 
or} Chamberlin, T. ©., Geology of Wisconsin, Wis- 
consin Geol. Sur., vol. 2, 1878, pp. 327-335. 

* Thwaites, F. T., Recent discoveries of ‘‘Clinton” 


iron ore in eastern Wisconsin, U.S.G.S. Bull. 540, 
1914, pp. 338-342. 


sented a map (fig. 2) showing the 
known occurrences of iron ore and 
red rock. He reported also that in 
the Green Bay region the ore is in- 
terbedded with shale, and in an area 





Fic. 1—Neda Iron Ore from Mayville, 
Wisconsin (X6). 


about 15 miles southeast of Mayville. 


it appears from well cuttings to be 
broken up and mixed, or perhaps 
interstratified, with limestone. 
Savage and Ross’ pointed out that 
the relations of the iron ore to for- 
mations both above and below are 
unconformable, but that fossils col- 
lected from the ore in place indicate 
it to be of Maquoketa (Cincinna- 
tian) age. They described the de- 
posit as containing pebbles of shale, 
iron ore, and_ ifon-oxide-replaced 
fossil fragments and suggested that 
the deposit is a formation laid down 
in local basins that, because of the 
presence of marine fossils, probably 
were connected and remained after 
the main portion of the normal ma- 
rine Maquoketa sea had withdrawn 
from the greater part of the region 


= Savage, T. E., and Ross, ©. S., The age of the 
iron ore in eastern Wisconsin, Am. Jour. Sci. 
Fourth Series, vol. 41, 1916, pp. 187-193, 
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Neda Formation in Northeastern Illinois 
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Fig. 2.—Locations of Neda Iron Ore in 
Wisconsin (after Thwaites). 


farther south in the Mississippi val- 
ley. They named it the ‘‘Neda Iron 
Ore’’ formation. 

Hawley and Beavan® made a de- 
tailed analysis of the minerals of the 
Neda Iron Ore formation. They de- 
termined that nuclei observed in the 
oolites consi#t of: (a) fragments of 
reworked ore, (b) fossil fragments, 
(c) mineral or rock fragments, and 
(d) eross-shaped objects. They em- 
phasized, however, that most of the 
oolites show no central nuclei. They 
showed that the spheroids are com- 
posed of at least 26 varieties of min- 
erals, chief of which are goethite 





*° Hawley, J. E., and Beavan, A. P., Mineralogy 
and genesis of the Mayville iron ore ot Wisconsin, 
Amer. Mineralogist, vol. 19, 1934, pp. 498-514. 








177 


(Fe,0,,H,O), calcite, and halloysite 
(Al,0,.2Si0,.nH,O). Halloysite is 
a clay that was found to compose 
most of the insoluble residue after 
treatment with acid and that looked 
under the binocular microscope like 
finely granular unglazed porcelain, 
making up the fragile spheroidal 
shells of the spheroids. There are 
ten varieties of phosphates, and 50% 
of all phosphorus is contained in the 
outer shells of the spheroids. The 
non-oolitic portion of the ore is 
largely pore space. Crystalline hem- 
atite has grown from the spheroids 
into part of the space, and there are 
a number of sedimentary minerals 
such as quartz and materials from 
the weathering of igneous rock. The 
most abundant transported material 
consists of angular grains of scoria- 
ceous lava largely altered to iron 
oxide. There are rounded fragments 
of reworked ore and nodules of ecal- 
cite and dolomite. The authors state 
that the source of the predominant 
ore minerals is a baffling problem. 
The Neda iron-bearing formation 
is reported in the same stratigraphic 


position in eastern Iowa’, eastern 
Kansas*, and northwestern Mis- 
souri’. 


Athy’ very fully described the 
Neda deposit in Illinois but called 
it the Noix Oolite of basal Alexand- 
rian (Silurian) age. The outerops 
which he described, situated in sec- 
tions 26, 27, and 35, T.32 N., R.10 E., 
Kankakee County, are the only ones 
known in Illinois. He reports the 
iron ore spheroids as occurring in a 


T Howell, J. V., An outlier of the so-called 
Clinton formation in Dubuque County, lowa, Proc. 
Iowa Acad. Sci., Vol. XXIII, 1916, pp. 121-124. 

5 Lee, Wallace, The stratigraphy and structural 
development of the Forest City in in Kansas, 
Geol. Sur. Kan., Bull. 51, 19438, p. 42. 

* Crane, G. W., The iron ores of Missouri, Mis- 
souri Bur. Geol. and Mines, 2nd Series, Vol. X, 1912, 
pp. 148-149. 

” Athy, L. F., Geology and mineral resources of 
the Hersher quadrangle, Il]. Geol. Sur. Bull. 55, 
1928, pp. 33-38. 
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Silt, coarse, grading to a little very fine sand; few small masses white chert , 
scattered occurrences glauconite ; oe ik 
few Psomosphaera and fragments other siliceous foraminifera 


,very fine, 


A, 


COARSE RES! 


chert > pyrite 


. , 
white clay residues in oolite molds 


; some 
with clay, some brown oolites 


Shole, silty, grading to siltstone and 
some very fine sandstone, green, 
greenish gray, brown, and dork red, 
iron ore oolites 


1, Shale, silty, very finely sandy, buff; oolites 


Shole, silty, light greenish gray 





FINE RESIDUE 


Fic. 3.—Graph of insoluble residues from Neda formation and associated strata 


in outcrop above spring in NW. %4 SE. 4 NE. % sec. 27, T. 32 N., R. 10 E., Kankakee , 


County, Illinois. 


matrix of reddish brown, purplish, 
and green ferruginous shales and 
shaly dolomite reaching a thickness 
of 8 feet, 2 inches, and resting un- 
conformably on olive-green Rich- 
mond (Maquoketa) shale. The 
spheroids are generally the size of 
fine to coarse sand averaging .5 mm. 
across.. The shale was reported to 
contain much silt and fine quartz 
sand (up to .25 mm. diam.) and 
some medium sand (.25 to .50 mm.). 

The writer obtained insoluble res- 
idues from samples, taken at one- 
foot intervals or less from several of 
the outcrops along Kankakee River, 
by treating the rock samples with 
weak hydrochloric acid. The graph 
of the most complete section (fig. 
3), taken at the locality figured by 
Athy on page 32 and described on 
page 33 (see footnote 10), shows 


101% feet of Neda ore-bearing mater- 
ial on top of the Maquoketa shale 
and under the Edgewood formation. 
The insoluble material of the Neda 
deposit consists of: (a) silty shales 
to siltstones variously colored brown, 
yellow, greenish, and purplish by 
iron oxide cement; (b) some very 
fine sand that grades in the middle 
of the deposit to very fine sandstone; 
(c) iron-ore spheroids seattered in 
variable proportions but nowhere 
composing most of the deposit as in 
Wisconsin. The total residue varies 
from 54 to 93 percent. These pro- 
portions are not essentially different 
from the proportions in the Maquo- 
keta shale below, which in the single 
sample taken amounted to 85 per- 
cent. Neither is the silty shale to 
siltstone matrix greatly different, ex- 
cept for some sand content, from the 
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Maquoketa silty shale. On the other 
hand, the residue proportions are 
quite different from the 25 percent 
residue of the overlying Edgewood 
and there is an abrupt change from 
the silty sandy shale below to a 
sandy conglomeratic dolomite above. 
The pebbles of the conglomerate con- 
sist of grains of underlying shale 
and a few weathered iron ore spher- 
oids. Were it not for the pebbles the 
proportion of insoluble residue of 
the lowest sample of Edgewood 
would be similar to that of the next 
sample above, that is, less than 10 
percent. 

In the subsurface of the Chicago 
region (fig. 4) the spheroids of iron 
ore are found in a variety of sedi- 
ments. Like those along Kankakee 
River, they occur in silty shales hav- 
ing various iron-oxide colors. As in 
the Wisconsin outcrops, they occur 
as spheroids loosely cemented with 
crystalline hematite, though the beds 
are so thin that only a relatively 
small part of a 5-foot well sample 
consists of such material. They are 
commonly associated with red to 
green weak silty clay that contains 
small pebbles and grains of weath- 
ered Maquoketa dolomite. In some 
samples they appear to occur in 
a yellowish brown silty clay which 
has a starch-like fracture and con- 
tains brown flakes, siggesting a soil 
zone. In one sample the spheroids 
occur in a very fine sandstone con- 
taining grains of dolomite, hematite, 
and a hematite-replaced spicule. All 
occurrences are in the midst of more 
extensive areas where the top of the 
Maquoketa is represented by red 
clay shale containing weathered 
dolomite fragments. Such red shale 
areas are present only where the 
Maquoketa reaches its maximum 
thickness of 190 to 250 feet, as may 
be noted by comparison with Du- 
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Fic. 5.—Thickness of Maquoketa forma- 
tion in the Chicago region; isopach 
interval 25 feet (after DuBois). 


Bois’ isopach map of the Maquo- 
keta (fig. 5). 

Elsewhere in Illinois Neda spher- 
oids have been noted in two wells 
in eastern Whiteside County and in 
another in eastern Peoria County 
where the Maquoketa thickness is 
near a maximum for the region of 
a little more than 200 feet. All these 
conditions are interpreted as indi- 
cating that the Neda was deposited 
on a relatively flat surface of the 
Maquoketa and was eroded widely 
along with the Maquoketa formation 
in an interval previous to Edgewood 
deposition. 


The iron-oxide spheroids in the 
matrix of silty shale of the Neda de- 


1 DuBois, E. P., Subsurface relations of the 
Maquoketa and “Trenton” formations in Illinois, 
Illinois Geol. Survey Rept. Inv. 105, fig. 1, p. 8+» 
1945. 





Neda Formation in Northeastern Illinois 


Fic. 6.—(Left) Thin section of Neda 
iron oxide spheroids in matrix of 
silty shale from Illinois (X18). 


Fie. 8.—(Right) Thin section of Neda 
deposit showing spheroids replaced by 
calcite (X18). 


Fie. 7.—(Middle) Broken surface of 
Neda silty shale showing spheroids 
altered to clay (X18). 


posit :n Illinois are generally small- 
er than those in Wisconsin, ranging 
up to 1 mm. in larger diameters, 
only a few reaching 1.25 mm. dia- 
meter, and averaging .75 mm. or less. 
They are similar in appearance to 
those in Wisconsin, being generally 
spheroidal and having smooth sur- 
faces not only on the outsides of 
grains but on secondary surfaces 
made by breaking off the oolitic 
shells. Many of the spheroids in thin 
section show no nuclei, but the most 
common nuclei observed are frag- 
ments of other spheroids, especially 
fragments of the outer shells (fig. 
6). A few were observed that were 
fragments of the matrix of silty 
Shale, and a very few contained 
single silt grains or other material 
at the center. Most of them show a 
slightly darker brown outer hull. 

Some observations of interest in 
considering the composition and geo- 
logic history of the oolites are as 
follows: 


1. In the upper portions of out- 
cropping Neda beds, varying in ob- 
served thickness from a few inches 
to as much as eight feet, the former 
oolites which were subjected to 
Weathering prévious to Edgewood 


deposition lost their iron-oxide con- 
tent, leaving a residuum of clay 
(fig. 7). This clay has been identi- 
fied by Grim” as illite. Usually its 


texture is dense and porcelaneous, 
showing only faintly or not at all 
the former concentric rings of the 


oolites. The dull olive-green color 
disappears on treatment of the 
sample with acid, leaving the clay 
almost white. These clay masses ap- 
pear slightly smaller than the aver- 
age iron-ore spheroid, and the 
shapes of the cavities in which they 
oceur, though roughly spheroidal, 
are somewhat distorted, indicating 
that the sediments have been some- 
what compacted to fill partly or en- 
tirely the former oolite spaces. How- 
ever, it becomes evident that, be- 
cause of the large amount of resi- 
dual clay, some original spheroids 
were not highly iron-bearing. Some 
clay masses are soft and porous, 
and occupy proportionately less 
space than the dense variety in the 
eavity left by solution of the iron 
oxide. Some consist only of flat 
round blebs of green clay in sizes 
typical of the oolites. Evidently 
these last formerly contained high 


2 Grim, Ralph E., personal communication. 
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proportions of iron oxide before 
the iron was dissolved and the sedi- 
ments collapsed. 

2. Some of the former oolites 
contain partial replacements of 
gray crystalline calcite (fig. 8). The 
cleavage faces of the calcite are so 
oriented as to indicate that each 
oolite replacement developed as a 
single crystal. Surrounding the 
crystal mass is the residual clay. 
Some of the calcite masses occupy 
practically all the former oolites 
except the outer hulls, whereas 
others are smaller and the residual 
clay masses seem to be larger ac- 
cordingly. It is suggested that cal- 
cite formation took place only after 
the cavities had been left by iron- 
oxide solution and that the sizes of 
the crystals were governed by the 
available space. Thus it would ap- 
pear that the calcite deposited after 
the beginning of Edgewood time, 
possibly long after that time. 

3. Some of the residual material 
enclosing the calcite grains has the 
appearance of perfect fragments of 
outer hulls of iron-ore spheroids 
except that they are dark brown to 
black, suggesting the presence of 
organic material. Kosanke™ ex- 
amined some of these and reported 
that they show no cellular structure 
but appear rather to be composed 
of amorphous material. Upon be- 
ing heated in a test tube the black 
color disappears, leaving light- 
brown amorphous clay suggestive 
of that described by Hawley and 
Beavan as halloysite in the hulls of 
oolites in Wisconsin and of a some- 
what different chemical character 


% Kosanke, R. M., personal communication. 
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than the materials making up the 
remainder of the oolite. 

The considerable variety of sedi- 
mentary materials in which the 
iron-ore spheroids are found, the oc- 
currence of the spheroids in north- 
eastern Illinois and elsewhere only 
where the Maquoketa is thickest, 
and recognition of the same type of 
iron-ore spheroids at about the 
same geologic horizon in widely 
separated areas from Kansas to Wis- 
consin and Illinois, suggest that the 
Neda formation was a widespread 
deposit of variable character lying 
upon known Maquoketa (Cincin- 
natian) shale, and was to a great 
extent eroded away during pre- 
Edgewood (pre-Lower Alexand- 
rian) uplift. It appears significant 
for considerations of correlation 
that the Neda type of oolite occurs 
elsewhere in the eastern half of the 
United States in Silurian strata 
only, that is, the Red Mountain for- 
mation of Upper Alexandrian and 
Lower Niagaran ages in the Birm- 
ingham District, and the Clinton 
group of Lower Niagaran age in 
New York. 

There is no difficulty in assuming 
that conditions of deposition favor- 
able to the formation of Neda oolite 
recurred at intervals from late Cin- 
cinnatian to early Niagaran times, 
but in order to be sure that these 
conditions prevailed across the 
Ordovician-Silurian boundary the 
possibility should be examined that 
the Maquoketa fossils found in the 
Neda in both Wisconsin and Iowa 
may have attained their position by 
being reworked by an early Silur- 
ian sea. 
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PHYSICS 
SURVEY OF CITY NOISE 


G. L. BONVALLET 
Armour Research Foundation of Illinois Institute of Technology, Chicago 


A survey of city noise has been in 
progress in Chicago for over two 
years. The program covers noise of 
transportation vehicles, and noise 
in traffic lanes, industrial, and resi- 
dential areas. The study is spon- 
sored by Armour Research Founda- 
tion of Illinois Institute of Tech- 
nology and the Greater Chicago 
Noise Reduction Council, and has 
the cooperation of the City of Chi- 
cago and the National Noise Abate- 
ment Council. 

The work was undertaken as a 
publie service and to stimulate fur- 
ther interest in the subject. Not 
énly has the noise problem become 
more acute with the passing of time, 
but the public has become recon- 
ciled to noise as a necessary condi- 
tion of present-day living. Further- 
more, good methods of simply, 
rapidly, and reliably measuring in- 
dustrial noise have not been avail- 
able to the engineer. Equipment 
is available for measuring sound in- 
tensity, but acousticians agree that 
there is little correlation between 
sound levels, which are a measure 
of the physical condition in the med- 
ium, and loudness as adjudged by 
the human ear. It is hoped, there- 
fore, that the results of the survey 
will create interest in further work, 
and will, in addition, establish a 
preliminary basis for tolerable noise 
levels which will be useful in writ- 
ing or revising anti-noise legisla- 
tion. 


A study of city noise was made in 
New York City in 1930.* The re- 
sults of this work were far-reaching 
and beneficial. Other surveys on a 
smaller scale have been made by a 
number of workers. 

An important part of the present 
study has been that of taking octave 
band levels in addition to over-all 
levels. The over-all level is that in- 
dicated by a standard sound meter 
which responds to the entire audible 
spectrum within the limitations of 
the meter. The octave band levels 
are those read on the sound meter 
which has been modified by switch- 
ing in various band pass filters. The 
meter then indicates the level with- 
in the particular band. The bands 
referred to in this paper are one 
octave wide. 

Many acoustical measurements of 
mechanical noises have indicated 
the unreliability of the single over- 
all measurement to represent the 
objectionable degree of the noise. 
It is well known that levels in the 
various octave bands are more valu- 
able in describing the noise than 
the single over-all level. As a re- 
sult of numerous listening judg- 
ments on noises similar to these, it 
has been found that the loudness 
and objectionable nature of such 
noises could be correlated better 
with one of the octave measure- 
ments, such as the 400-800 eps band, 


* City Noise, published by the Noise Abatement 
Commission of the City of New York, The Academy 
Press, New York, 1930. 
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than with the single over-all level. 
This particular band represents a 
good compromise between lower 
frequency octave levels with high 
energy content and higher octave 
band levels with reduced energy, 
because of the absorption by inter- 
vening structures and air. 


NoIsE OF VEHICLES 


The phase of the survey concerned 
with noise of common transporta- 
tion vehicles was started first be- 
cause vehicle and traffic noise was 
believed to be more objectionable 
and more prevalent than industrial 
noise. The work has been completed, 
and with curves and tables is rather 
comprehensively reported in the 
Journal of the Acoustical Society 
of America, Vol. 22, Number 2, 
March 1950. 

Inside vehicles, the highest aver- 
age levels were measured in subway 
ears. These were 95 db over-all and 
91 db in the 400-800 eps band. All 
measurements are on the flat net- 
work. The lowest average levels were 
85 db over-all in a new ‘‘L”’ car and 
68 db in the 400-800 eps band meas- 
ured in a relatively new seven-pas- 
senger sedan. Levels for such ve- 
hicles as old ‘‘L’’ ears, old street 
cars, trolley buses, ,PCC cars, motor 
buses, and suburban steam and elec- 
tric railroad cars were between these 
maximum and minimum values. 

Outside vehicles, the noise was 
measured at 20 feet in all cases ex- 
cept for railroad trains, in which 
case a distance of 100 feet was be- 
lieved to be more practical for the 
purpose. The highest average levels 
were for subway trains and the 
levels were 94 db over-all and 87 db 
in the 400-800 eps band. The lowest 
average over-all level was 79 db for 
trolley buses. The lowest average 





level in the 400-800 eps band was 
66 db for automobiles. 


TRAFFIC’ NOISE 


Although traffic noise generally 
is more intense than industrial noise, 
in many cases it may be adjudged 
less objectionable. This follows be- 
cause: (a) the public may tolerate 
public transportation noise on the 
incorrect basis that it cannot be re- 
duced, and (b) vehicle noise, aside 
from automobile horns, squealing 
brakes, and clanging street car gongs, 
when close to a listener, increases 
slowly as the vehicle approaches and 
then decreases. Industrial noise, on 
the other hand, often changes ab- 
ruptly. Generally it stops and starts 
suddenly and may be objectionable 
because of its characteristic quality 


which identifies it as a forging ham- 


mer, steam exhaust blast, a travel- 
ing crane, a whistle, metal handling, 
or the like. 

Measurements have been made at, 
intersections and in thoroughfares 
to ascertain levels due to traffic. In- 
sufficient data have been taken for 
a complete picture of the range of 
over-all and octave band levels. 
Based on the meager data, the over- 
all levels ranged from about 65 to 
85 db, and the levels in the 400-800 
eps band from 45 to 70 db. These 
figures are for places where a reason- 
able amount of city traffic, such as 
automobiles, ‘trucks, and mass trans- 
portation vehicles, passes. 


INDUSTRIAL NOISE 


Another phase of the survey con- 
cerns noise in industrial areas. Over 
a hundred different places in the 
many Chicago industrial zones were 
visited and data taken during the 
usual business hours. Measurements 
were taken from the sidewalk, street, 
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OCTAVE BANDS, CPS 
Fie. 1—Data and curves. of noise in industrial areas. Measurements (flat 


network) are on the sidewalk or street about 25 to 30 feet from buildings or plant 
boundaries and during usual daytime business hours. 





or other public thoroughfare on the 
outside of each plant or industrial 
area. Distances generally were about 
25 to 30 feet from a building or 
boundary. In many cases it was 
difficult to establish a meaningful 
sound level because of the intermit- 
tent nature of the noise. Informa- 
tion on whether the noise was above 
or below the general background 
noise also was noted. 

Preliminary study of the data in- 
dicates a range in over-all levels of 
about 60 to 90 db. Measurements in 
the 400-800 eps octave band ranged 
from 45 to 80 db. Typical levels are 
shown in figure 1. This figure also 
shows the value of octave band data 
in deseribing the noise as compared 
to the single over-all level. Despite 
the incompleteness of these data, 
they have been used to make pre- 
liminary curves and draw prelimin- 
ary conclusions. Figure 2 shows the 





distribution of noise levels measured 
in the 400-800 eps band. The curve 
shows that about 95 percent of the 
levels fall below 70 db. Assuming 
that these data are confirmed after 
complete analysis of the measure- 
ments, a preliminary conclusion 
might be drawn that 5 percent of 
the cases should be considered ob- 
jectionably loud. 

Figure 3 might be termed a pre- 
liminary limiting curve for indus- 
trial noise. It has the same general 
shape as industrial noise curves and 
passes through the previously men- 
tioned 70 db level in the 400-800 eps 
band. It would define a noise spec- 
trum such that industrial noise with 
higher components than those shown 
might be considered legally objec- 
tionable. Such measurements and 
curves require complete and careful 
analysis before conclusions can be 
made. 
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The study indicates one important 
observation even at the present 
stage. Industrial noise outside 
plants and factories is not so loud 
as it is reputed to be. The few fac- 
tories that make intense noise prob- 
ably have given a bad reputation to 
industry in general. Many cases 
were found where the plant noise 
could not be measured in the back- 
ground of unidentifiable sounds or 
of transportation vehicle or traffic 
noise. 


INDUSTRIAL NOISE LEVELS 
IN THE 400-800 CPS BAND 


DECIBEL LEVELS IN THE 400-800 CPS BAND 





° 20 4 60 80 100 
NUMBER OF CASES, PERCENT 


Fic. 2—Curve showing the percentage 
distribution of industrial noise levels 
measured in the 400-800 cps band. From 
these data it can be seen that about 
95% of the cases are below 70 db in the 
specified octave band. 

4‘ 


RESIDENTIAL AREA NOISE 


The data on residential noise are 
rather meager at the present time. 
The background levels are caused by 
industrial or traffic noise at different 
distances. Nearby vehicles, children 
at play, vendors, and other local 
sources generally do not contribute 
much to the ambient background, 
although they often are objection- 
able. Again, with incomplete anal- 
ysis, the data indicate a range of 


from 50 to 80 db over-all and 35 to 
70 db in the 400-800 eps band. As be- 
fore, compromises are required in 
associating a single level with com- 
plicated noise conditions such as 
these. 


AUTOMOBILE HoRNS 


An investigation of automobile 
horns is being conducted as a part of 
the survey. It was felt that such a 
study was of value because of the 
necessity for horns on vehicles and 
the objectionable nature of some of 
them. It is necessary that a horn be 
louder than the ambient background 
noise and even loud enough to warn 
nearby motorists in totally enclosed 
automobiles operating at noisy high 
speeds. Such warning signals, there- 
fore, are required to be compara- 
tively intense sound sources. On the 
other hand, many such horns are 
unduly loud. It is believed that 
horns can be effective without being 
raucous despite their relatively high 
levels. The work in progress con- 
sists in part in measuring the levels 
and in investigating the overtone 
structures to determine the charac- 
teristics of pleasant and effective 
signals on the one hand and charae- 
teristics which are objectionable and 
which possibly identify the horns as 
dangerous because of their frighten- 
ing effect. 

Again it must be reported that the 
work is not yet completed and only 
a report of progress can be made 
here. The modern automobile for 
the last five years has employed 
horns in pairs. The present work is 
simplified because most of the auto- 
mobiles now on the streets employ 
only about half a dozen types of 
horns. The fundamental tones of the 
two horns in the pair are usually a 
musical major third apart. The more 
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Fic. 3—Curve showing a preliminary limiting spectrum. The curve is similar 
to others for industrial noise and passes through 70 db in the 400-800 cps band. 
Industrial noise data which are higher than this curve might characterize the 


source as legally objectionable. 


pleasant sounding devices have har- 
monic overtones, whereas the objec- 
tionable sounding horns have inhar- 
monic overtone structures. 

Measured at three feet in front of 
the units, these horns have levels of 
from 105 to 125 db, so far as they 
have been measured. The funda- 
mental tones for the different horns 
are in the range of about 150 to 400 
eps. 

An important feature of the work 
is that, in addition to the levels in 
decibels, the information in phons 
and sones also is being determined. 
There has been too little work done 
in the industrial field in the way of 
obtaining loudness and _ loudness 
levels. This has been due, at least 
in part, to the difficulty and the 


labor involved in determining these 
from decibel levels. As an example, 
the range of 105 to 125 decibels is 
a range in loudness level of approxi- 
mately 125 to 140 phons and range 
in loudness of about 600 to 2000 
sones. 

It is desirable to define these units 
here. The loudness of a sound is the 
magnitude of sensation in the ear. 
It depends on sound pressure and on 
the frequency spectrum. The unit 
is the loudness unit or the sone. A 
1000-eycle tone 40 db above the nor- 
mal threshold has a loudness of one 
sone or 1000 millisones or loudness 
units. The loudness level of a sound 
is numerically equal to the sound 
pressure level in decibels of the sim- 
ple 1000-cycle reference tone which 
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is judged to be equally loud. The 
unit of loudness level is the phon. 

The program includes the process- 
ing of these horn noises in several 
ways, such as filtering the output to 
cut off at around 1000 eps. Again in 
a preliminary way, it has been found 
that such filtering removes a rea- 
sonable amount of the sound which 
is objectionable, and apparently does 
so without sacrificing the necessary 
warning characteristics. 
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CONCLUSION 


The survey is proceeding at the 
present time with analysis of avail- 
able data and with plans for the 
incomplete phases referred to above. 
Of more importance, further thought 
is being given to the problem of 
using these results beneficially. As 
the work becomes completed the re- 
sults will be made available in the 
most useful way. 
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SPECTPAL CHARACTERISTICS OF FLASH DISCHARGES 


W. S. HUXFORD anp H. N. OLSEN 
Northwestern University, Evanston 


A ‘‘flash’’ discharge may be de- 
fined as an electrical breakdown 
produced by the discharge of a con- 
denser through a gas at pressures of 
the order of 100 mm of mercury. It 
is characterized by a high current 
pulse of short duration accompanied 
by a brilliant white flash of light. 
The duration of the current pulse is 
of the order of 10 microseconds 
while the period of the light flash 
may be considerably longer, persist- 
ing for 100 microseconds or more in 
heavy discharges. . 


Many practical uses have been 
found for such lamps. Originally 
developed for high-speed photog- 
raphy and stroboscopic uses, they 
have more recently been employed in 
aerial photography, as a source of 
artificial sunlight in making moving 
pictures, and for emergency lighting 
of landing fields. Figure 1 shows 
several types of flash lamps. A, B, 
C, and G are forms of commercial 
photo-flash lamps; D, E, and F are 
examples of experimental models of 
flash tubes. 


The maximum brightness of these 
lamps when used to produce single 
heavy discharges may exceed the 
brightness of the sun by a factor of 
ten with a peak flux output of a 
hundred million lumens. Currents 
of several thousand amperes are pro- 
duced with instantaneous rates of 
energy input of several megawatts. 

The physical characteristics of the 
emitted radiation are of considerable 
Scientific interest. In the first place, 
the main component of the radiation 


is an intense continuum in the case 
of discharges where the current den- 
sity is 20,000 amp/em* or higher. 
This in itself is unusual, since norm- 
ally a gas is expected to radiate 
chiefly bright lines characteristic of 
the excited atoms and molecules 
present in the discharge. 

In the second place, the line spec- 
tra which appear superimposed on 
the continuous background exhibit 
many anomalies when compared to 
the lines emitted by low intensity are 
discharges in the same gas. A study 
has been made of these anomalies, 
both with reference to the energy in- 
put per flash, and also as a function 
of time during the various phases of 
the flash. This paper attempts only 
a very brief summary of the results 
of this study. 


THE CONTINUUM 


When measurements are made of 
the energy distribution of the con- 
tinuum in the ‘‘integrated’’ flash, a 
broad distribution is found as a 
function of wave length. In the case 
of intense discharge a maximum oc- 
curs at about 4500 AU, correspond- 
ing to a black body temperature of 
roughly 10,000°K. The radiation 
density values, however, indicate 
much higher temperatures. 

Most theories agree in ascribing 
the origin of these continuous wave 
lengths to ‘‘free-free’’ electron 
transitions with ions in the high den- 
sity plasma existing in these dis- 
charges, and also to electron-ion re- 
combination, or ‘‘free-bound’’ tran- 





190 Illinois Academy of Science Transactions 


(3,500 to 6,200 A,U,) 




















MAU.) | ya Transition ice’ | Mies | Fisch Xo’ Xe 
6098 x (3P) 5a “Dg. - (SP) 6p +P, x II 
6036 x | (3P) 5a “Dg, - (57) 6p “PE, x II 
5976 x | (3p) 68 “Py, - (5P) 6p “Pg, x Il 
5824 x 1s3"- SX x 
5668 x | (5P) Sa 4Dy, - (SP) Gp *Pbr% x II 
5473 x | (3p) sa “py, - (5p) 6p 4 a II 
5419 x | (3P) 6s “Py, - (3P) Gp *Dg, : x II 
5372 x | (3P) 6s “Py, - (5P) 6p % x II 
5339 x | (7P) 6p “Dg, - (3P) 6a “Dy x oe 
5292 x (3P) 68 ‘, * - (3P) 6p “Py, x x II 
5191 x | (5P) 6s “Pox, (3P) 6p *Dby% 2 tt 
5122 x | (P) 6p *Pgy,- (7P) 78 4Ps, x II 
5081 x (5P) 6p “Dg, - (5P) 78 *Ps, x II 
5028 x lag - Smo x b 
4923 zx lag - 3P9 x x zx I 
4917 zx lag - 2% z x 
4884 x | (*P) 68 *Py,- (37) 6p “s x II 
4844 x (3P) 68 “Py. - (5P) 6p “ot x x II 
4843 x leg - SPs x x 
4830 x lag - 3p x x 
4807 x lsq - SPs x x 
4734 x la - 2p3 x x x I 
4671 x lag - 3Ps x x x I 
a % 3P) 6 ~ 5 (3) 6p “D . ¥: x II 

5 ‘a 
ae | or [ihe ats sn cc oof = 5 
4525 x legs - 2pz3 x 
4501 185 ~- 2pe . 2 4 
4481 x | (5P) 6p 4Dg, - ('P) 64 UF ye x II 
4415 x | (7D) 66 “Dy, - (2D) 6p Dg, x II 4 
4393 (3p) 6p “sg, - (*P) 6a “De z II 
4386 x lx, - 4 x 
Tees x or leq ~ 4¥ 
4331 x | (5P) 6p “Dg, - ("P) 64 Fy x II 
4194 x lsg - 40 x 
3968 x less - 4Ps zx 

















TABLE 1. 


4 
sitions. The latter mechanism would 
be expected to be the predominant 
cause of continuous radiation in the 
‘‘afterglow,’’ or decaying portion of 
the light flash which persists after 
current ceases to flow in the are. 

To obtain a complete analysis of 
the electrical and radiation proper- 
ties of these discharges it is neces- 
sary to make measurements as a 
function of time during the very 
short period of the flash. This is 
difficult in the case of the ordinary 
spark discharge across a gap at at- 


mospherie pressure because of the 
extremely erratic behavior of the 
spark. ,However, by employing rare 
gases to avoid chemical reactions, 
and pressures of from 25 mm to 100 
mm Hg, it is possible to obtain highly 
reproducible flash discharges in rep- 
etitive operation. The flash can be in- 
itiated with great precision, and ac- 
curate reproduction of current, po- 
tential, and photo-current showing 
the change of radiation intensity 
with time can be obtained on the 
oscilloscope screen. 











tha 











4 


the 

the 
rare 
ions, 
» 100 
ighly 
rep- 
pe in- 
d ac- 
[, po- 
ywing 
ansity 
n the 





Flash Discharges 191 





Fie. 1.—Types of commercial and experimental flash tubes. 


Figure 2 illustrates how the eur- 
rent and the continuous radiation 
ghange with time for flash dis- 
charges in argon and neon tubes. 
These discharges are ‘‘triggered’’ by 
means of a sharp voltage pulse ap- 
plied to an auxiliary electrode which 
causes enough ionization for a heavy 
are current to form and discharge 
a condenser attached to the elec- 
trodes. These traces are taken from 
the oscilloscope screen. 

Three types of phototube multi- 
pliers were used to register the in- 
tensity of radiation in three spectral 
regions: the ultraviolet (2400 to 
4200 AU), visible (4600 to 7000 
AU) and the near infrared (7000 
to 12,000 AU). In obtaining these 
results the amplitude of each photo- 
current plot was arbitrarily adjust- 
ed, so they cannot be intereompared. 
The total radiation in the visible and 
ultraviolet regions is much greater 
than in the infrared. It is noted 


that in all cases the peak light oc- 
curs much later than peak input 
current (or power), this lag being 
greatest for the longer wave lengths. 


VARIATION OF CHARACTERISTIC 
LINE SPECTRA 


A study of the line spectra is of 
particular interest to the physicist 
who desires information concerning 
fundamental processes occurring in 
this type of discharge. He wishes 
to determine the processes leading to 
breakdown of the gas, the current 
conduction mechanism, tempera- 
tures and ion densities in the col- 
umn, the cause of the lag of radia- 
tion behind current, and the nature 
of the processes occurring in the gas 
plasma during the afterglow period. 
In general, our knowledge of the de- 
tailed processes occurring in the 
flash and spark discharges is 
quite incomplete compared to our 











RADIATION INTENSITY IN ARBITRARY UNITS. 
CURRENT IN HUNDREDS OF AMP 
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16 20 24 26 2 


TIME IN MICROSECON DS 


Fic. 2.—Oscillographic traces of current and radiation in argon 
and neon quartz flash lamps. 


understanding of other types of 
steady discharges. 

Spectrograms were made of dis- 
charges in xenon for the total flash 
period, and compared with the 
lines appearing in a low current 
steady are discharge in the same gas. 
Table 1 gives a summary of results 
for the strong lines observed in the 
visible region. In the d-e low cur- 


rent are only are lines (Xe I) are ob- 
served. For low energy flashes a 
number of these same are lines are 
observed, and in addition several 
spark lines (Xe II) appear, lines 
which are due to excitation of xenon 
ions. Lines appearing superimposed 
on the strong continuum in the high 
energy flash discharge are shown in 
the column on the right. Here only 
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three are lines show strongly, while 
twenty intense lines of the xenon 
ionie spectrum are identified. Simi- 
lar results were obtained using other 
gases. 

The question now arises as to how 
the spectrum varies with time over 
the entire flash period. A large num- 
ber of observations were carried out 
using flash tubes filled with neon, 
argon, krypton and xenon. An ex- 
ample of such an analysis will be 
shown only for an argon-filled tube. 

A method was developed for ob- 
serving through a fine slit in a ten- 
inch dise driven by a synchronous 
motor, the light from the discharge 
at a given phase of the flash period. 
The particular instant in the flash 
when a spectrogram was taken could 
be varied by means of a_ phase 
changer which varied the time when 
the discharge was triggered with ref- 
erence to the time of observation. 
The slit was of such a width that 
the observation interval was about 
three microseconds. Thus the emit- 
ted radiation could be photographed 
at any phase of the flash period in 
steps each three microseconds long. 

Figure 3 is a chart of the results 
obtained using a quartz prism spec- 
trograph. Relative photographic in- 
tensities for a given exposure are in- 
dicated by the height of the plotted 
lines. Solid lines are for atomic 
spectra (A I); dotted lines repre- 
sent spark spectra (A II). The 
rate of synchronous flashing was one 
per second. However, for the weak 
light emitted by the trigger pulse, 
which occurs about 2 microseconds 
before the main current of the dis- 
charge begins, a higher rate was 
used with the discharge condensers 
disconnected. Thus, the exposure 
time for the upper section of the 
chart was about 300 times longer 
than for the other pictures. For the 


afterglow the exposure time was 
about 10 times longer than for the 
main flash. 

The changes in relative intensities 
of the lines is very striking. Very 
few strong spark lines oecur in the 
trigger pulse at high potential. At 
current peak (early flash) :and at 
peak radiation intensity the line 
spectrum is predominately that of 
the spark, or second spectrum (II), 
of argon ions: some 44 relatively 
weak are lines, compared to 71 spark 
lines of high average intensity. Late 
in the discharge only a few weak 
are lines appear, the relative inten- 
sities of which are quite different 
from those appearing in the trigger 
pulse spectrum, or in the main dis- 
charge. The strongest set of four 
are lines in the afterglow have very 
low intensities in the main flash 
relative to other lines appearing at 
the same time. 


CONCLUSIONS 


From this study of the spectral 
characteristics of synchronized flash 
discharges in rare gases the follow- 
ing conclusions may be drawn: 

(1) The overall integrated line 
spectrum constitutes a small fraction 
(<10%) of the useful light emitted 
by the discharge, the main radiation 
flux in the visible and ultraviolet 
regions being an intense continuum. 

(2) In the short wave infrared 
region, measurements show that for 
heavy rare gases (argon, krypton, 
and xenon) the line spectra, consist- 
ing largely of are lines, contributes 
about half the total light flux. 

(3) The characteristic lines ob- 
served at the instant of peak radia- 
tion intensity are predominately 
those of excited ions, indicating the 
existence of a plasma having a high 
degree of ionization. Calculations 








fiel 
str 
8 tr 
ist 
arc 





le 


at 
1e 
of 


ly 
rk 
ite 
ak 


nt 
rer 
lis- 
yur 
ery 
ash 
at 


tral 
lash 
low- 


line 
tion 
tted 
tion 
iolet 
um. 
ared 
t for 
pton, 
asist- 
putes 


s ob- 
-adia- 
ately 
g the 
high 


ations 





Flash Discharges 195 


show that in the discharge column 
from 80 to 90% of the atoms may 
be ionized. 

(4) The spectrum of the trigger 
pulse, excited when a 10,000 volt 
potential is suddenly applied to an 
external electrode, shows that high 
fields do not necessarily excite a 
strong spark spectrum. Rather, a 
strong spark spectrum is character- 
istic of the high current, low voltage 
arc phase of the spark discharge. 


Recent observations in high current 
steady ares verify this conclusion. 
(5) The presence of only atomic 
spectral lines in the afterglow in- 
dicates the absence of impact excita- 
tion at low electron temperatures. 
Here the lines arise from electron- 
ion recombination only, the relative 
intensities being characteristic of 
this process and quite different from 
those shown during the high-temp- 
erature phase of the discharge. 
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OPTICAL AND PHOTOGRAPHIC TECHNIQUES FOR THE 
SMALL-SCHOOL LABORATORY 


HOWARD C. ROBERTS 
University of Illinois, Urbana 


Most small schools and labora- 
tories have more problems than 
money; this is often true of the 
large universities as well, but the 
small school is more handicapped 
when some special problem comes 
along because there is usually less 
likelihood of procuring equipment 
by interdepartmental exchange or 
loan. It is for this reason that the 
methods to be deseribed are direct- 
ed principally at the small school or 
laboratory. 

It is rather remarkable that pure- 
ly photographic measuring methods 
have not been more widely applied 
in research. Of course, there are 
many applications of photography 
in common use—to record images 
with the camera, shadowgraphs 
with the X-ray, spectrograms, and 
the like. However, the use of the 
photographic emulsion as a meas- 
uring element is still not extensive. 
Yet it can measure light-intensity, 
color, or any magnitude which can 
be expressed as either of these. It 
can measure things that the eye can- 
not see; and it can be applied to 
observe and record more closely, 
more accurately, and for longer 
periods than any individual ob- 
server. 

The more flexible techniques of 
photographic measurement have 
been largely neglected; it is these 
that I want to describe today. There 
are a great many of them, and in the 
time allotted to me I can mention 
only a very few. I have chosen some 
which are more than usually varied, 


and which are especially susceptible 
to modification to other uses. 

The motion-picture camera is 
often used to observe and to record 
the deflections of instrument point- 
ers during tests; it is especially con- 
venient for such things as aircraft 
tests, where the camera periodically 
records the indications of the entire 
instrument panel, and the films are 
later read visually. Prosperous lab- 
oratories often use recording oscillo- 
graphic cameras to take down the 
data on electrical circuits. An early 
method of recording quantities with 
photographic means is shown in 
figure 1: a pointer-type instrument 
(which might be an electrical in- | 
strument, a pressure gage, or afly 
instrument with an _ indicating 
pointer) which has had an opaque 
vane attached to its pointer and a 
light source so placed that the band 
of light passing through a slot in 
the dial is obscured by the vane as 
the pointer moves. The type of ree- 
ord produced is indicated on the 
slide—although of course the pat- 
tern does not show until the photo- 
graphic paper or film is developed. 

A record of this kind, or any 
variable-width record, is easily sub- 
jected to frequency or harmonic 
analysis. In many problems the 
periodicity of the magnitude being 
measured is important; the daily 
variation in earth-currents, the be- 
havior of the tides or waves, the 
temperature variations in orgal- 
isms, and many other phenomena 
are most interesting because of 
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their time-rate of change. Such a 
film record, taken over a period of 
days or even weeks, can easily be 
analyzed to determine what periodic 
variations may be present. It is 
only necessary to attach the strip 
of record to the edge of a cylinder 
which ean be rotated (see fig. 2) 
while a light shines through the 
record and upon a_ photoelectric 
cell. The output of the photocell is 
then applied to some frequency-sen- 
sitive device; a tuned vibration gal- 
vanometer is ideal. When the speed 
of rotation of the’ecylinder is such 
that some component of the record 
comes by at intervals corresponding 
to the period of the galvanometer, 
a deflection will occur, and simple 
arithmetic is enough to determine 
the period of the phenomenon. 
Then other speeds of rotation can 
be tried until all frequency com- 
ponents desired are measured. Vi- 
bration galvanometers are not so 
common as they once were, but good 
results can be had with a simple 
tuned circuit and a vacuum-tube 
voltmeter or a cathode-ray oscillo- 





Fig. 3 


scope, and these are becoming quite 
common in our physies laboratories. 

This simple system is capable of 
many applications; there is a modi- 
fication by which the periodic com, 
ponents may be evaluated by purely 
photographic means, but it is usual? 
ly less convenient than the one men- 
tioned. These systems, however, 
are only simple forms; they do not 
use the photographic materials in 
their most favorable manner. 

In the following figures, there 
will be shown two sets of apparatus 
for recording sunlight and its char- 
acteristics ; one records the average 
effective intensity, and the other 
both the intensity and the spectral 
composition or the color. The two 
pieces of apparatus were originally 
intended for use together, but can 
be used as individual items for their 
own purposes... 

The first of these units (fig. 3) is 
for recording the effective intensity 
of daylight, continuously. It em- 
ploys a clock-motor which moves 4 
strip of 35 millimeter film at a rate 
of about 2 inches per day. Light 
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4 Lensity of Film Base 





Log. of Exrposure 


from the sky falls on the surface S, 
which is of magnesium oxide, a neu- 
tral reflector; this light is reflected 
through the lens and through the 
gray wedge P, to where it falls on 
the film. The amount of light reach- 
ing the optical system depends of 
course on the intensity of the day- 
light, but the amount reaching the 
photographie film depends not only 
on that intensity but also on the 
density of the gray wedge. The 
over-all effect is that at some point 
along the length of the wedge the 
light intensity will be just enough 
to cause the beginning of darkening 
of the film. On one side of this 
point there will be perceptible dark- 
ening ; on the other there will be no 
darkening. If a high-contrast film 
is used, this point is quite definite. 
A time-scale may also be applied to 
the film if that is desired. 

Some of these things should per- 
haps be amplified before we go on 
to the next item. As most of us 
know already, the density of a 
photographie film (within its nor- 
mal working range) is roughly pro- 
portional to the logarithm of the 
exposure. Below the working range 





fig. 4 


there is an area where not enough 
light has fallen to produce a useful 
image. Actually, a certain amount 
of light must be received before any 
effect at all is produced; above this 
value the effect is proportional. 
This is called the ‘‘ inertia effect’’ of 
the film, and it is this inertia or 
threshold point which is seen on the 
variably exposed film. 

In figure 4 there is a curve showing 
the general shape of a density-ver- 
sus-exposure curve for a film. What 
this means on the record is that the 
threshold point wanders across the 
film as the light intensity changes, 
and the boundary between clear 
film and gray film shows by its po- 
sition the light intensity. It would 
be possible, of course, to permit the 
film to darken uniformly across its 
width, and to read its density with 
a microphotometer, except that 
most of us cannot afford a micro- 
photometer. This system, in any 
case, makes a longer range of meas- 
urement possible. 

The gray filter wedge used here 
is usually a piece of photographie 
film which has been partially ex- 
posed and developed; the exposure 





is varied so that at one edge the 
wedge is clear and at the other edge 
quite dark. A density range of 0 
te 3 corresponds to a range of 1000 
to 1 in the amount of light trans- 
mitted. These filters can be made 
of gelatin, by squeezing a wedge of 
dyed gelatin between two thin 
glass plates, if neutral dyes are 
available. It is not difficult to make 
thotographic wedges, but it is 
necessary first to prepare a curve 
like that in fig. 4, and then take 
data from it to caleulate the expos- 
ures for the wedge. In all these 
procedures, conditions of exposure 
and of development must be con- 
trolled with some gare. 

The equipment for recording the 
color of sunlight is a little more 
complex. Again a clock-motor is 
used to drive the film, at about 2 
inches per hour, but here a prism is 
used to spread a spectrum across 
the film, which must be panchro- 
matic—approximately equally sen- 
sitive to all colors. The density of 
the various parts of the resulting 
band indicates the spectral compo- 
sition. 

To read this record, some device 
for measuring film density is re- 
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Proving Film 


Correction 


Fig. 


quired. The wedge method can be 
applied here; an easy way is to 
place a circular wedge over the lens, 
and rotate it about 10 revolutions 
per hour. This causes a uniform 
variation of intensity from very low 
to high, repeated every 6 minutes. 
The result is a series of repeated 
patterns along the film; the length* 
along the film of the various ele-# 
ments of the pattern indicates the 
various intensities. The kind of 
pattern produced is shown in the 
figure; the actual films are easily 
read, but do not project well. 

For ease in reading these records, 
it is desirable to equalize the fre- 
quency response, or the color sen- 
sitivity, of the film used. In figure 
5 there is indicated a ‘‘correction 
plate’’ near the film plane. This 

“plate equalizes the color response 
of the film. It can be made to match 
almost any commercially available 
film. 

The actual response of a film to 
eolor is seldom uniform. Figure 6 
shows a typical response curve; it is 
more sensitive to blue than the nor- 
mal eye, and is also more sensitive 
to red. But within this range, the 


response may vary as much as 40 
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percent. This variation in response 
ean be equalized by preparing a 
neutral density plate which matches 
the color curve for the film—that 
is, in the green, where the film is 
least sensitive, the correction plate 
permits most light to pass, but in 
the red range where the film is most 
sensitive, it cuts down the intensity. 
At any point, the sum of the two 
curves should equal the sum at any 
other point. The correction plate 
is placed close to the film; it is a 
neutral density filter, and its den- 
sities are adjusted according to the 
position of the color in the spec- 
trum produced by the prism. 

The optical quality required in 
these instruments is not very high; 
good results may be had with sur- 
prisingly crude optical systems. 
Reasonable care is required to avoid 
diffraction and reflection in un- 


wanted places. The diagrams shown 
in the figures do not contain all the 
desirable operating details, such as 
the cylindrical lens just in front of 
the film in every ease, but these de- 
tails are obvious when constructico 


—— 
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Fig 6 


is attempted. 

The final accuracy to be expected 
from an instrument of this kind is 
not especially high, perhaps 5 1o 10 
percent. This is adequate for many 
purposes, particularly biological 
and agricultural studies. The range 
of intensities which can be recorded 
is extremely large; it is easy to 
handle a ratio of 10,000 to 1 because 
of the logarithmic scale. The actual 
method must of course be matched 
tc the problem. 

There are many other methods 
which might be described, such as 
force measurement either by New- 
ton’s rings or by the total-reflection 
method; the use of the Dove prism 
to extend the time range for record- 
ing with the cathode-ray oscillo- 
scope; the photographie record 
from liquid-Alled thermometers or 
manometers; and other types and 
classes of measurement. But these 
cannot be discussed in this paper: 
the few which have been selected 
will have to serve as examples of 
instanees flexible enough to be ap- 
plied in many other problems. 
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PSYCHOLOGY AND EDUCATION 


VALIDATION BY MEANS OF THE SOCIOGRAM OF A 
TECHNIQUE FOR PROMOTING SOCIAL ACCEPTABILITY 
AMONG ELEMENTARY SCHOOL CHILDREN 


ELVA E. KINNEY 
Greenville College, Greenville 


There is a growing emphasis both 
in educational literature and in prac- 
tice upon social adeptness as a pri- 
mary objective of education. Pres- 
sey and Robinson express this point 
of view in Psychology and the New 
Education when they say that ‘‘the 
guidance of social development along 
healthy and desirable lines might 
well be considered the first concern 
of modern education and the almost 
complete neglect of this problem the 
outstanding weakness of the tradi- 
tional school.’’ 

All development is, of course, con- 
tinuous, and social development is 
no exception to the rule. Yet the 
study of the child has clearly shown 
that certain developmental tasks be- 
long specifically to certain age 
ranges. In fact, without the success- 
ful completion of these various 
developmental tasks sequentially, 
whether they are pltysical, emotional, 
or intellectual, the child is tremend- 
ously handicapped in the process 
of growing into a balanced adult., 

One of these developmental tasks 
that ideally is spread over the period 
of time from the entrance to school 
at the age of six till adolescence is 
the emancipation of the child from 
the circle of the family and his 
entrance into his peer group. In this 
new world to which the child goes it 

becomes increasingly important to 
him to find a place for himself where 
he belongs. In fact, it is a corrolary 


of the social adeptness objective of 
elementary education that the child 
ean develop social adeptness only 
in a group where he is an accepted 
and contributing member. For the 
psychologist believes that the psy- 
chological environment of the child 
—the reaction to him of individuals 
and groups with whom he is in con- 
tact—is of infinitely more import- 
ance as a factor in his development 
than the physical environment in 
which he lives. 

Grouping has generally been a tool 
that the elementary school of our agé 
uses to promote its intellectual pur 
poses and to aid in reaching such 
goals. But whether or not grouping 
is a tool for the school to use in 
achieving its social goals and es- 
pecially whether the type of group 
is a major factor in the degree of 
success the individual achieves as 
he strives to attain status are prob- 
lems not yet thoroughly investigated. 

It is the hypothesis of this study 
that through considerable use of 
small informal flexible groups the 
child who is a fringer or an isolate 
can most easily be helped to gain 


in social acceptability and, as he does 


this, it is believed that he will be 4 
better achiever intellectually. 

This study makes no pretense at 
being a controlled educational ex- 
periment. It is rather a problem in 
teacher education in which all the 
teachers at a given grade level i 








Se = 2. ey 


the 
late 
gain 


does 


be a 


se at 
| ex- 
m in 
| the 
el in 





Social Acceptability Among School Children 


a small city in southern Illinois co- 
operate in an attempt to help chil- 
dren in their groups who lack social 
status to attain a higher degree of 
social acceptability. 

It is an attempt, likewise, to put 
in the hands of the teachers a tool 
by which each may discover for her- 
self whether or not she is succeeding 
in helping children who have not 
yet attained and do not know how to 
attain status in their peer group. 
Also, we believe it will throw some 
light on the effect of different types 
of groups on growth in social accept- 
ability. 

However, since the emphasis was 
to be teacher education, no attempt 
was made to force consideration of 
this problem until attention turned 
there naturally. As it happened, for 
several weeks other problems occu- 
pied the focus of attention. 

The background for this study is 
laid in the work of J. L. Moreno and 
dates back about fifteen years. -It 
was in 1934 that Dr. Moreno pub- 
lished his epochal book, Who Shall 
Survive? In this work he developed 
a science of sociometry—a way of 
measuring interpersonal relation- 
ships in a group—and used the so- 
ciogram as a way of recording and 
making graphic these _ relation- 
ships. Since that time Helen Hall 
Jennings and others have used the 
same technique to measure social re- 
lationships within a schoolroom. 


Dr. Moreno used his new discov- 
ery not only as a means of measure- 
ment but also for therapeutic pur- 
poses. In his book he described the 
use of it in grouping girls in cottages 
in the New York State Training 
School for Girls at Hudson, N. Y., 
and reported substantial reduction 
in number of problem cases when 
groups were formed on the basis of 
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information obtained by a sociomet- 
rie test. 


Fifth grade children were used 
in this study, since previous studies 
have shown that social relationships 
among younger children are very 
unstable. Reading was chosen as the 
special field for study because the 
capacity of social and emotional fac- 
tors to affect a child’s performance, 
while evident in most learning situ- 
ations, is especially evident in the 
acquisition of reading ability. This 
is true at least partially because the 
attainment level in reading signifi- 
cantly affects every other type of 
subject matter. It is also true that 
society puts an especially high pre- 
mium on reading skill in the child. 


In the small city where this study 
has been carried on there are seven 
fifth grades with an average enroll- 
ment of thirty pupils each. All 
teaching, heretofore, had been con- 
ducted with an entire grade group 
with uniform assignments for every 
child. 

The superintendent stated in a 
meeting of fifth grade teachers be- 
fore the opening of school that the 
director of the study would be at the 
service of the teachers as consultant, 
that she would teach classes when’ 
requested to do so, and work with 
teachers either as individuals or 
groups in their attempts to meet 
pupil needs. Such supervision as 
would be given would be unofficial 
and would be actually educational 
leadership emphasizing in-service 
training of teachers. From the be- 
ginning, largely perhaps because of 
the confidence of the teachers in the 
superintendent and because of his 
evident interest in, and wholeheart- 
ed backing of, the study, they ac- 
cepted the offer of unofficial assist- 
ance in teaching problems with 
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little evidence of the resistance or 
even resentment with which super- 
vision is sometimes met. 

When the California Mental Ma- 
turity Test was given to all fifth 
grade children at the beginning of 
the school year, it showed a wide 
range of ability from school to school 
and within schools. Two groups had 
median IQ’s of 110 and a range of 
points that exceeded 60. Four had 
median IQ’s of 102-104 and a range 
of 50 points, and the seventh school 
had approximately the same range 
as the last four but a median from 
13-15 points lower (89) than the 
four average schools. 

On the basis of this wide spread 
of abilities the seven fifth grade 
teachers discussed individual differ- 
ences and ways of meeting them. 
At this stage it was evident that 
most teachers were primarily ab- 
sorbed with intellectual differences, 
but it appeared even then that at 
least one teacher was greatly con- 
cerned about emotional and social 
differences in her group. 

When grouping was proposed as 
a way of meeting differences, it was 
decided to make a study of some at- 
tempts in this direction to see what 
light they might throw on the situ- 
ation. Ability grouping and inter- 
est grouping both had advocates, 
but some teachers showed reluctance 
to shift from their old one-group 
procedure. It was agreed that efch 
teacher in conference with her prin- 
cipal would decide which procedure 
to follow and report at the next 
meeting. 

The report was as follows: Two 
teachers—one of a superior group 
and one of a near average group— 
decided to continue to use the grade 
group only, with uniform assign- 
ments for all, and attempt to provide 
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for individual differences with di- 
rected out-of-school reading. Two 
other teachers—one of an average 
group and the other of the low group 
—felt that ability grouping in read- 
ing with material selected for each 
level so that each group would be 
able to read without strain would 
best help children to develop in 
reading skill. 

The remaining three, while not 
experienced in interest grouping, 
were eager to try a procedure in 
which small informal flexible groups 
would function frequently. 

By this time the Progressive 
Achievement Tests had been given to 
fifth grades and the results were 
available for all teachers. 


Teachers of ability groups had 
decided to use only two groups. 
Children with a reading grade score 
of 4.5 or less would be provided with 
material with a simple vocabulary 
but with a high interest level. Others 
would read the basal text. Teachers 
using the single grade group only” 
made use of the results to guide their 
children in selecting books for out- 
of-school reading. Those using inter- 
est groups likewise had the results 
of the tests at hand to help in wise 
selection of books. 

The general plan followed by the 
teachers using interest groups in 
reading was: (1) the selection of a 
general subject by the group in ¢o- 
operation with the teacher, (2) the 
division of the subject into its vari- 
ous phases, (3) the listing of ques- 
tions to which the children wished to 
find answers on each phase of the 
subject to be investigated, (4) the 
election of student chairmen by the 
group, each to lead his group in re- 
search on one phase of the subject, 
(5) division into groups according 
to interests, (6) work in groups, 
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each child reading at his own level 
to help to answer the questions that 
had been listed earlier, (7) occasion- 
al meetings of the entire group to 
diseuss problems of the grade as a 
whole, see a movie pertaining to the 
general subject, or evaluate prog- 
ress, and finally, (8) some kind of 
pooled summary of the results of the 
research. 

As each teacher followed her own 
procedure there developed a grow- 
ing concern for the social develop- 
ment of pupils. Some study of 
Moreno’s sociogram was made and 
the teachers decided to try a special 
modification of it as a means of 
measuring social status. 


The three questions finally select- 
ed for the sociometric test to be used 
were by no means the only gnes that 
might have been used and not neces- 
sarily the best ones. It was decided 
to use one question of a purely social 
character. ‘‘If your mother told 
you you might invite a child fram 
your room home with you to dinner 
on Friday night and then to a bas- 
ketball game, whom would you 
ask?’’ First choice, second choice, 
and third choice were called for. 


The second question was on an 
academic basis, but called for coop- 
eration between two people. ‘‘If 
you need help in arithmetic and the 
teacher, being busy, tells you you 
may ask a child in the room to help 
you, whom would you ask ?’’—again, 
first choice, second choice, third 
choice. The third question had to do 
with ability to fit into a group and 
contribute to the cooperative think- 
ing and effort of the group. ‘‘Whom 
do you like best to have working on 
& committee with you?’’ In each 
ease, as above, the child was asked 
to give first choice, his second if the 
first were absent, and his third if 


both the first and second should be 
absent. 


There are some respects in which 
it may seem regrettable that the so- 
ciometric test results could not have 
been procured earlier in the year. 
However, since this study has been 
conceived as primarily one of 
teacher education, it has been a 
guiding principle not to use any pro- 
cedures with the groups until the 
teachers were ready for them. Con- 
sequently school had been in session 
more than three months and each 
teacher had had in operation her 
chosen plan of grouping in reading 
for from 6 to 10 weeks before the 
first sociometric test was given. 


The serious approach of the chil- 
dren themselves to the test and their 
whole-hearted cooperation in an- 
swering the questions was a matter 
of note. All seven groups had been 
taken into confidence as to the year’s 
work to the extent that they knew 
their teachers and the director of the 
study were working together to try 
‘to find out some better ways to 
work with boys and girls’’ and they 
referred to the sociometric test in 
that connection in discussing it, 
though they had been told that their 
teacher hoped that the answers 
would help her in trying to make 
them happy in their school home. 


The teachers’ meeting in which 
each teacher studied the sociograms 
showing interpersonal relationships 
in her own group was the most in- 
teresting of the year. Varying 
teacher attitudes were plainly evi- 
dent. At least one showed a defens- 
ive attitude at first—‘‘Some chil- 
dren just don’t have what it takes.’’ 
Another teacher noticed one girl, 
who showed up distinctly as a fring- 
er, who she felt could be helped to 
attain status with her peers if given 
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a chance to help others in arithmetic. 
Another commented that she believ- 
ed one boy would have been either 
an isolate or a fringer before he 
worked in a small group that pre- 
pared an Indian play to show the 
large group what they had found 
out about how the Indians of the 
Southwest lived. 

Each teacher studied with interest 
the group of children who were low- 
est in social acceptability to try to 
decide what the cause was and what 
direction remedial work should take 
in each ease. Each teacher agreed to 
try to find something each isolate or 
fringer could do well and see that he 
got praise for it. Each teacher also 
agreed to try to build up the ego of 
neglected children by giving each 
some responsibility. The question 
at this point was, ‘‘Would a child 
rise in social acceptability with his 
peer group as he appeared to rise in 
acceptability with the teacher?’’ 

A survey of the sociograms taken 
showed that there was great differ- 
ence in interpersonal relationships 
within the different groups at that 
time. The only sociogram showing 
a group where no child was com- 
pletely neglected was one of the 
schoolrooms where small-group work 
had been frequently used in the en- 
tire program for ten weeks. 

Perhaps it should be noted that 
this school had at least one problem 
in social acceptability that no other 
school in the city faced. A thil- 
dren’s home that had operated in the 
city for years moved the first of 
October so that it was within the 
bounds of this last mentioned school 
district and four children joined the 
group from the Home. This teacher 
used considerable ingenuity in creat- 
ing situations that would help the 
rest of the group to realize that boys 
and girls from the children’s home 
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were perfectly normal children like 
themselves. She arranged with the 
director of the Home to have some 
committees meet there on Saturdays, 
Since no child was allowed to leave 
the Home after dinner at night ex- 
cept by special arrangement with a 
responsible adult, she arranged at 
different times to have a parent of 
one of the children in the room call 
for one of them and take him along 
with his own child to a school pro- 
gram or basketball game. It is prob- 
ably not assuming too much to say 
that the very satisfactory showing of 
these children on the first sociomet- 
rie test can be attributed to these 
wise procedures, for there were 
many indications in the first days 
after these children joined the group 
that the others did not accept them 
without reservations. 

The second sociometrie study was 
made April 20. In order to be able 
to draw conclusions about changes 
in degree of acceptability, it was 
decided to weight the choices, giving 
six points for a first choice, three 
points for a second choice, and one 
point for a third choice. The small 
amount assigned to a third choice 
is justifiable because experiment has 
shown that the third choice is far 
less reliable than the other two. Most 
children will repeat their first and 
second choices if given a chance to 
choose again soon after the first op- 
portunity, but will vary the third 
choice. 

The short period of time since the 
last sociograms were made does not 
permit a full analysis of results, but 
such analysis as has been made indi- 
cates that there is a distinct differ- 
ence in the changes in acceptability 
in the different groups. 

Rather arbitrarily we have accept- 
ed ten as the dividing point among 
the scores of social acceptability. 
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Those receiving less than ten points 
are either isolates (with zero scores) 
or fringers (with scores from one to 
nine). A score of ten means that a 
child has received one first choice, 
one second choice, and one third 
choice, or equivalent, whereas three 
times that many—three first choices, 
three second choices, and three third 
choices—would be the average each 
child would receive on the three 
questions of the test if the choices 
were evenly distributed. 


The accompanying table indi- 
cates the status of each group at two 
different times during the school 
year, as revealed by the two socio- 
metric tests. These groups are not 
matched. Many varying conditions 
affect each of them. The main ob- 
jective has been to make teachers 
conscious of children’s needs with 
respect to status in their peer group, 
and to interest them in trying spe- 
cific ways of meeting those needs. 


The rough data as it stands from 
seven unselected groups in the same 
community would appear to throw 
some light on the usefulness of small 
flexible groups to promote social ac- 
ceptability among isolates and fring- 
ers. 
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Although the evidence is not over- 
whelming, there is an indication here 
that schools 3, 4, and 6 are improv- 
ing social relationships by reducing 
the number of isolates and fringers. 
These schools are the schools that 
have made frequent use of small flex- 
ible groups. The increase in number 
of children with low acceptability 
scores in the other groups may be 
due to strengthening of clique lines 
where no special measures are used 
to change the situation. 

There is nothing here to suggest 
that there is any distinct difference 
between ability grouping and the 
grade group as a tool for affecting 
social relationships. All groups 
have doubtless benefited by their at- 
tention to this problem. But it is 
evident that it takes more than at- 
tention from the teacher to cause a 
child to rise in status with his peer 
group. 

While the success of such a pro- 
gram as this should never be judged 
in terms of what happens academi, 
cally, it will be a matter of more 
than passing interest to discover 
whether the children who have im- 
proved in social acceptability may 
not also simultaneously have become 
better achievers intellectually. 
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A STUDY OF COLLEGE SCIENCE COURSES DESIGNED 
FOR GENERAL EDUCATION 


ROBERT A. BULLINGTON 
MacMurray College, Jacksonville 


This investigation was begun in 
the spring of 1948 and completed 
in the spring of 1949. It has been 
sponsored by the Cooperative Com- 
mittee on the Teaching of Science 
and Mathematics of the American 
Association for the Advancement of 
Science. 

The purpose of this study was to 
determine the status, trends, objec- 
tives, content, procedures of in- 
struction, problems, and values for 
general education of college-level 
science courses which are especially 
designed for students who desire a 
general and not specialized training 
in science. Many of these courses 
shave previously been designated by 
such terms as survey, generalized, 
orientation, integrated, or founda- 
tion. All of the above-named types 
of courses have had in common the 
inclusion of subject matter from 
more than one specialized field of 
science. In addition to these courses, 
the study includes single-subject 
courses that have been modified for 
the purposes of general education. 
All types under investigation are 
herein referred to as general educa- 
tion science courses. 

In order to secure information on 
the types and prevalence of courses, 
an inquiry was sent to the adminis- 
trators of 967 four-year colleges, 
universities, and teachers colleges 
in the United States. Replies were 
received from 660 schools. - In addi- 
tion, a survey of 600 college cata- 
logs gave information concerning 


60 more schools. Thus, information 
is available from 74 pereent (720 
schools in all). 

To secure detailed information 
about the specific courses designed 
for general education, a seven-page 
questionnaire was sent to a selected 
group of 300 science teachers. Us- 
able course descriptions were re- 
ceived for 150 courses distributed 
among 103 schools of all sizes. 

The data supplied on the ques- 
tionnaires were supplemented in a 
number of ways. For many courses 
either outlines, syllabi, textbooks, 
or published articles were available 
for study. Furthermore, the writer 
investigated by personal visits 28 
of the 150 courses that were studied. 
A student opinionnaire was admin- 
istered to 1200 students in 14 
courses. 

Of the 720 schools for which in- 
formation is available, 59 percent 
offer some type of general educa- 
tion science course. Most of these 
schools offer courses that cover both 
the physical and biological sciences, 
although there are some that neg- 
lect one area or the other. General 
education science is much more pre- 
valent in teachers colleges than in 
other types of schools: it is offered 
in over 80 percent. 

A comparison of these figures 
with those of pre-war studies shows 
that general education science 
courses are now much more wide- 
spread than at any previous time. 
They have increased in number 





210 Illinois Academy of Science Transactions 


rapidly in the post-war years. 
Furthermore, a majority of the 
schools that do not have general 
education courses appear to be in- 
terested in developing them. 

Of course, there is some opposi- 
tion to this trend. The most obvious 
reasons are the satisfaction with 
the regular introductory science 
courses for purposes of educating 
the non-science major, and the dif- 
fieulty of securing qualified teach- 
ers for the newer courses. 

Ninety-two percent of the courses 
are planned specifically for the 
freshman and sophomore years. 
About half the colleges require one 
year of science of the general stu- 
dent. The remainder require more, 
usually two years. Most schools re- 
quire work in both the physical and 
biological sciences. 

In classifying courses on the basis 
of content, four principal types are 
revealed: (1) the general courses 
which include materials selected 
from all the areas of natural sci- 
ence, (2) the courses including sub- 
ject matter selected from the fields 
of physical science, (3) those with 
material from biological science, 
and (4) the courses in single sub- 
jects, as physies or botany. Few 
new courses of the first type are 
being organized. Th¢ single-subject 
courses are multiplying more rapid- 
ly than the other types, especially 
in the large universities. However, 
there are fewer of these courses than 
any of the other types. 

The common methods of subject- 
matter presentation are, in their 
order of frequency: (1) the survey 
of the subject matter of the area 
covered, (2) the more intensive 
study of selected units from the 
subject matter area, (3) the study 
of selected problems, and (4) the 
historieal approach. 


In the 103 schools offering the 
150 courses that have been studied 
ir detail, the average enrollment in 
general education science was ap- 
proximately 400 students per school 
in 1947-48. This represents about 
one-third of the freshmen and soph- 
omores. In separate schools the 
number of students that take the 
courses varies from a small group 
to 100 percent of the students. 


Individual course enrollments in 
1947-48 ranged from as few as 8 to 
more than 4000 students. The larg- 
est enrollments were in the biologi- 
eal science courses; the smallest 
were in the single subjects. There 
was a somewhat larger percentage 
of men than women enrolled in the 
courses. 

Approximately 75 different ob- 
jectives were reported for the 
courses. Of these, 7 are especially 
prominent. They are, in the order 
of frequency of mention: 

1. To develop an understanding 


of the scientific method and facility , 


in its use. 

2. To provide acquaintance with, 
or mastery of, the leading princi- 
ples, laws, and concepts of science, 
particularly those that have a bear- 
ing upon the daily life of the in- 
dividual. 

3. To provide a core of scientific 
knowledge or to give a broad un- 
derstanding and general knowledge 
of science. 

4. To develop various scientific 
attitudes of mind and apprecia- 
tions of the values of science. 

5. To give an insight into the 
relationships between science and 
the problems of living and to de- 
velop the ability to apply scientific 
knowledge to the solution of these 
problems. 

6. To develop a greater joy in 
living through a more complete un- 
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derstanding and appreciation of the 
natural environment. 

7. To stress cultural aspects of 
science and to show how science has 
contributed to civilization. 

A majority of the teachers report- 
ed clearly defined objectives that 
are compatible with the main pur- 
poses of science for general educa- 
tion. However, in some courses 
there were apparently no special 
objectives beyond the desire to 
teach science. 

The most frequently used meth- 
ods of determining subject-matter 
content are, in order of prevalence: 

1. Determination of the needs 
of the students. 

2. Selection of a textbook. 

3. The interests of students in 
the class. 

4. To survey a field of-science. 

5. Analysis of the objectives and 
how to accomplish them. 

The subject matter of the bio- 
logical science courses varied wide- 
ly, as did that of the physical Ssci- 
ence courses. There seems to be no 
ideal content for a general educa- 
tion course in science. Teachers 
have yet to agree upon any one 
common core of factual material, 
ov upon a uniform method of pre- 
sentation. Probably neither is to 
be desired. 

Although many of the teachers 
in charge of general education 
courses are scientists and educators 
of note, a majority of the teachers 
in the courses do not have a Ph.D. 
degree and are in the lower profes- 
sorial ranks. Twenty-two percent 
are assistants with no rank. Only 
40 per cent are employed specifical- 
ly for general education and only 
30 percent devote full time to this 
work. Ninety-one percent of all 
teachers are specialists in one or 
another of the fields of science. 





Very few received college training 
designed to prepare them for teach- 
ing general education science. 

In considering the common char- 
acteristics of the courses, we find 
that the typical course is one year 
in length and offers three credits 
per term. It is given by two or 
more teachers who use demonstra- 
tions, visual aids, field trips, and 
laboratory exercises in addition to 
lectures and discussions. 

The most important problems 
that arise in giving general educa- 
tion courses are concerned with 
procuring teachers, providing suit- 
able laboratory experience, secur- 
ing acceptable textbooks, and se- 
lecting and limiting the subject 
matter. 

There is considerable but not uni- 
versal enthusiasm for the general 
education type of science course. 
In schools where such courses exist, 
the administrators, above all others, 
favor them. The courses in most 
schools were inaugurated by deans 
or presidents. 

Among college faculties opinions 
vary from energetic advocacy to 
definite antagonism and from 
strong interest to a complete lack 
of understanding of the nature of 
general education. 

A large majority of the persons 
who teach in the courses like them 
and work diligently to make im- 
provements. Some teachers have 
been assigned the courses against 
their will; in the main, these teach- 
ers are subject-matter specialists 
whose interests lie in their special- 
ties. Also they feel that they are 
inadequately prepared for teaching 
in a broad field of science. 

Among science teachers there are 
some who oppose the general educa- 
tion courses because they take stu- 
dents away from their own speci- 
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alized courses. On the other hand, 
there are those who believe that the 
general education courses are an 
excellent means of interesting stu- 
dents in following a scientific career. 

There is a tendency for some sci- 
entists to look down upon the courses 
and their teachers. This attitude 
may have been justified in former 
years when the courses were some- 
times elementary and _ superficial, 
and the teachers poorly prepared. 
Although these conditions still exist, 
they are not common. Most of the 
courses are well developed and many 
of the teachers rank among the best. 

The teachers report that most of 
the students like the courses. Var- 
ious student appraisal studies cor- 
roborate this viewpoint. However, 
there are some students in every 
course who dislike science or find 
it difficult. 

In the student opinionnaire in- 
vestigation, 77 percent of the stu- 
dents rated the courses above aver- 
age in the choice and use of the 
instructional materials and proced- 
ures. Seventy-five percent said the 
courses were above average in im- 
parting useful information. Fifty- 
six percent rated the courses above 
average in making a positive contri- 
bution to their college education. 

Most of the students were enthu- 
siastic about their teachers. Eighty- 
eight and 85 percent respectively 
rated their instructors above average 
in knowledge of subject matter and 
in enthusiasm for their courses. 


In general, the courses, the pro- 
cedures of instruction, and the 
teachers were given a high rating. 
The conclusion must be drawn that 
a large majority of the students 
believe the courses to be highly satis- 
factory. 

General education science is rap- 
idly occupying a position of impor- 
tance in college curricula. It is 
growing in prevalence, popularity, 
and respectability. Ambitious young 
science teachers can expect to look 
to this field for a career that will 
offer the same rewards as a teaching 
career in one of the separate sci- 
ences. 

In this relatively new area of 
science teaching there is a tremen- 
dous challenge to teachers to perfect 
techniques for presenting science to 
the non-scientist. On all sides the 
challenge is being met by teachers 
who are improving old procedures 
and experimenting with new ones. 


From their efforts are coming meth-* 


ods that will be of value in all types 
of science courses. 

General education science is firmly 
established and widely accepted. We 
ean confidently expect that in the 
near future there will be an even 
greater extension of the courses in 
American institutions of higher edu- 
cation. In this scientific age, we can 
look forward to an increase of liter- 
acy in science that will benefit both 
the individual and society and 


smooth the path for the progress of 
science. 
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SOCIAL SCIENCE 


SOCIOLOGICAL PROBLEMS IN THE STUDY OF 
INDUSTRIAL RELATIONS IN ILLINOIS 


DONALD E. WRAY 
University of Illinois, Urbana 


The problems and areas of re-_ versi 


search discussed in this paper are 
the result of my own experience and 
reflection in the past three years, 
during which time I have been a 
sociologist on the staff of the Insti- 
tute of Labor and Industrial Rela- 
tions at the University of Illinois. 
The research carried on there has 
involved the collaboration of econ- 
omists, political scientists, psychol- 
ogists, and sociologists. The prob- 
lems which I discuss are influenced 
by these related social sciences and 
may appear at first glance to be 
rather foreign to sociology as it is 
commonly understood. 

Careful studies in the sociology 
of industry are a new development 
which has come about since 1940. 
There is still a great deal to be set- 
tled about the relationship of this 
new area to the older branches of 
sociological theory. It is not my in- 
tention at this time to go into this 
somewhat academic matter, but rath- 
er to point out a few of the sub- 
stantive areas of investigation which 
seem to present promising lines for 
empirical research. 

In speaking of industrial sociology 
in Illinois, I am referring specifi- 
cally to the down-state or non-Chi- 
cago region. I do this for two rea- 
sons: first, Chicago is relatively bet- 
ter known through earlier research 
and is currently being studied by 
Northwestern University and the 
University of Chicago while the Uni- 


versity of Illinois is the only insti- 
tution (that I know of) which is 
studying the smaller cities and the 
rural areas; second, the Chicago area 
is so different in size, in population 
characteristics, and in the develop- 
ment of industrial relations that it 
is best treated as a separate category. 
What I have to say, therefore, is 
intended as a guide to those persons 
who may be interested in the socio- 
logical aspects of business and in- 
dustrial relations in the down-state 
region. 

Before one can assess the impor- 
tance and magnitude of these prob- 
lems, it must be understood that the 
entire character of the down-state 
region has been rapidly changing in 
the past three or four decades. Many 
people still think of the Chicago— 
down-state distinction as primarily 
a difference between a large city and 
a rural district ; but this is no longer 
true, since a majority of the down- 
state population are town dwellers. 
This majority is increased if we add 
to it the large number of persons 
who live in the country but make 
more than half their living in some 
nearby town, and are therefore eco- 
nomically dependent upon manufac- 
turing or commerce more than 
upon agriculture. The growth of 
cities like Decatur, Peoria, and Rock 
Island has produced the same kind 
of political and social division be- 
tween city and the local country 
dwellers which is found on a larger 
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scale in the great metropolitan cen- 
ters. The expansion of industry in 
down-state communities has result- 
ed in the development of attitudes 
toward political and economic issues 
which are more nearly similar to 
those in Chicago or other big cities 
than they are to the attitudes in the 
surrounding rural areas. This has 
broken up the old unity of opinion 
which was based upon common re- 
gional interests. 

While the growing similarity of 
all cities is of significance, there are 
at the same time important differ- 
ences between down-state commun- 
ities and Chicago which must be 
recognized. The relative newness of 
industry in the smaller cities has 
emphasized the difficulty of making 
over a town to an industrial base 
from the older trading center and 
‘‘eounty seat’’ type of life. The rap- 
id growth of trade unionism has 
similarly foreed a rapid change 
in business practices and in com- 
munity organization. This _pro- 
eess of urbanization is still pro- 
gressing rapidly and is the source 
of many of the so-called social prob- 
lems which are currently faced by 
our towns and cities. 

One of the topics which invites 
study is the organization and ad- 
ministration of small-scale busi- 
nesses and small manufacturing es- 
tablishments. We know a great deal 
about the ways in which largg cor- 
porations conduct their operations ; 
we know a lot about the problems of 
administration and supervision in 
mass-production factories; and we 
know a good deal about labor-man- 
agement relations in big companies. 
This is in part because large enter- 
prises naturally attract attention, 
and also because the large companies 
have recognized the need for study- 
ing their human relations problems. 


However, we have practically noth- 
ing concerning the hundreds of small 
and medium-sized companies which 
face comparable difficulties. 

The research in this field which 
is now being carried on at the Uni- 
versity of Illinois by the Institute 
and the College of Commerce is in 
a sense pioneer work; it must go 
much farther and must be supple- 
mented by the efforts of other schools 
before we shall have an adequate 
understanding of the problems and 
practices of the small business man. 

It is commonly said that one of 
the reasons for bad employer-em- 
ployee relations is the large size of 
many companies. If this is true, 
then relations in small companies 
ought to be good. To date, however, 
we do not know if this idea is valid, 
and we shall not know until we have 
studies of many small companies. 
There is another reason for examin- 
ing closely the sociology of the small 
business concern. This kind of busi-* 
ness is probably the most seriously, 
affected by depressions and labor 
turnover. Anything which will con- 
tribute to stabilizing these com- 
panies will, in turn, help to stabilize 
employment in general and commun- 
ity well-being. The sociologist can 
make a contribution by finding 
means to improve personnel prac- 
tices and employee relations gener- 
ally. 

A closely related field of study is 
the nature of collective bargaining 
in the smaller company. Here again, 
we know very little. We suspect 
that the process of reaching agree- 
ment between union and manage- 
ment in a situation where owners 
and management are present, and 
consist only of one or a few persons, 
is quite different from the situation 
in a large company where the owners 
are absent and management is a 
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very large and complicated group of 
persons. A further complication lies 
in the fact that most small companies 
and union locals follow patterns set 
by the larger industries and in a 
sense, therefore, do not develop orig- 
inal or local patterns. Absentee con- 
trol is important in both manage- 
ment and union for it reduces the 
independence of local representa- 
tives on both sides. In certain indus- 
tries, absentee control has been car- 
ried to the point where labor con- 
tracts are made in the larger cities, 
and neither local employer-managers 
nor workers have much to say about 
the terms under which they operate. 

Another large and important field 
of study is the structure and opera- 
tion of trade unions in the smaller 
community. Organized labar has ex- 
panded greatly even in small towns 
in the last decade. The magnitude 
of this development can be seen 
when we consider that in many in- 
dustrial towns at least half the tatal 
population are either union members 
or belong to the families of union 
members. In coal mining commun- 
ities, especially, union affiliation may 
go as high as 90 percent of the popu- 
lation. 

Three subdivisions can be stated 
within this general area of study. 
One is the changing attitudes in the 
working population, which have un- 
derlain this rapid acceptance of the 
union movement. This is especially 
important in the down-state area, 
which not so long ago was thought of 
as a non-union conservative region 
in which most workers reflected a 
rural or small-town orientation to- 
ward economic matters. The shift 
toward unionism is an expression of 
the growing urbanization of down- 
State people, including many of the 
rural dwellers. 

A second approach to the study of 
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unionism is the examination of the 
internal organization of unions at 
the local level. We know even less 
about the operating practices and 
problems of unions than we know 
about small business. Since the two 
are closely related, we cannot ade- 
quately understand one without con- 
sidering the other. 

A third aspect of unionism is its 
impact upon the social structure of 
the smaller community. Because of 
the newness of unions in most of the 
down-state areas the impact of their 
large scale organization upon the 
community at large has not been felt 
to the same extent as in larger cen- 
ters where the unions are better es- 
tablished and more mature. How- 
ever, the beginnings of union inter- 
ests in community affairs can be 
seen in their concern with schools, 
local taxation, and the community 
chest. This interest will almost cer- 
tainly expand, and the unions will 
very likely occupy a key position in 
such matters, since they are the only 
organizations which represent large 
numbers of workers, and can mobi- 
lize mass support for efforts in the 
civie field. 

A more general problem is that 
of the population change brought 
about by the establishment of new 
industries and the decline of older 
ones. This is well illustrated by the 
current efforts to secure new and 
diversified industries in southern 
Illinois to replace the declining coal 
mining industry. In this region the 
only alternative to new types of em- 
ployment is wholesale migration to 
expanding communities where there 
are opportunities for employment. 
This same problem can be found in 
less exaggerated circumstances 
throughout Illinois. It is a problem 
which has attracted serious atten- 
tion on the part of those concerned 
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with the declining importance of the 
small trading center. There is today 
practically no part of the state which 
is not dominated commercially by a 
larger city. The result of this has 
been that many smaller towns which 
were based upon trade with the sur- 
rounding countryside have lost their 
economic base and must either de- 
cline in size and become ghost towns 
or find some new means for support- 
ing their population. 

The background characteristics of 
the down-state population are being 
steadily influenced by our indus- 
trialization. The area as a whole has 
never received large numbers of im- 
migrants from eastern and southern 
Europe as has been the case with all 
of the cities in the East and metro- 
politan areas such as Chicago. There 
are a few special instances in which 
‘‘foreign’’ groups have entered 
down-state Illinois. One of these 
ethnic elements is found in the Polish 
foundry workers who are present in 
almost every community where such 
employment is available. A second 
example are the Polish and Silesian 
coal miners who have come with the 
Scotch-Irish, English, and Welsh 
miners. Except for these special- 
ized groups, the down-state popula- 
tion is a rather homogeneous combi- 
nation of Anglo-Saxon and German, 
with a considerable Scandinavian 
group in the northern part of the 
state. ’ 

This population is being steadily 
augmented by migration into the 
area from the border states and from 
the deep South, of both white and 
Negro. The increase in the Negro 
population of many cities causes 
racial tensions and legislative efforts 
to stabilize the situation. Negro 
workers are entering industrial com- 
munities in response to the occupa- 
tional opportunities presented to 


them. In general, they fill those jobs 
which are considered too low in pay 
or too undesirable to attract native 
white workers. In this sense, they 
are filling the position in Illinois in- 
dustry which was filled by the east- 
ern Europeans in the industries on 
the Atlantic seaboard. 


The white migration is numeri- 
cally much more important than the 
Negro. The wave of settlement from 
the border states, in particular, has 
now been noticeable even in the 
northern cities of Illinois, although 
it is greater in the southern part of 
the state. The Southern whites, like 
the Negroes, enter our industrial 
system in the lower occupations, but 
unlike the Negroes, the Southern 
whites have relatively little difficulty 
in moving upward into better jobs. 
The general acceptability of the 
white immigrants is highest in the 
southern half of the state, where the 
cultural differences between immi- 
grant and native are so slight as to, 
be of no real importance. The mag- 
nitude and continuity of the white 
immigration is such that if con- 
tinued it will result in a new and 
even greater homogeneity of back- 
ground of the native white popula- 
tion of all down-state Illinois and 
will quite possibly bring about a 
shift in the general culture toward 
that which now exists in the border 
states to the south. 


The topics I have mentioned range 
from very specific matters of indus- 
trial relations in the small company, 
up to very general considerations 
of population changes in the state. 
I have brought them together in this 
paper because in my opinion they all 
represent social phenomena related 
to industry which can be profitably 
studied by the methods and concepts 
of sociology. In my opinion, all 
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these problems can be analyzed with- 
in the existing theoretical frame- 
work which sociology has established, 
since they all involve the common 
substance of human life, namely the 
organization of social structures, the 
functions of leadership and adminis- 
tration within these organizations, 
and the cultural values which people 
hold. A beginning has been made in 
the examination of each of the topics 
which I have mentioned, but it is 


only a beginning. The major part 
of the study lies ahead. 

Every trained person, regardless 
of where he may be in the state, can 
make a contribution to one or more 
of the lines of the proposed research. 
We can accomplish an understand- 
ing of these matters only through 
the collaboration of many persons in 
many institutions throughout the 
state, all focusing their attention up- 
on the common set of problems. 
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THE RELATIVE POWERS OF NATURE AND NURTURE: 
MONOZYGOTIC TWINS 


GRACE M. JAFFE 
Barat College, Lake Forest 


Although the ‘‘twin method of 
study’’ provides an ideal set-up for 
the investigation of the problem of 
‘‘nature and nurture,’’ egregious 
blunders have often been made in 
regard to the diagnosis of monozy- 
gosity.. A number of writers have 
failed to grasp the fact that it is not 
easy to determine whether single 
sexed twins are monozygotic or dizy- 
gotic. Precisely and scientifically 
speaking, there is only a very high 
degree of probability that some simi- 
lar-sexed twins may actually be 
monozygotic. This degree of proba- 
bility is sometimes so high as to 
amount almost to certainty. As 
everyone knows, monozygotic twins 
must be of the same sex since they 
are ‘‘derived from a single fertilized 
egg-cell which later splits into two 
parts, each developing into a com- 
plete child.’”” 

The hasty investigator of the prob- 
lem of ‘‘nature and nurture’’ is all 
too prone to seize upon one charac- 
teristic as a ‘‘proof’’ of monozygos- 
ity, thus speeding up his work but 
also vitiating its scientific validity. 
If twins are born with a single chor- 
ion, it is often assumed that this 
‘*proves’’ that the twins are identi- 
cal. The common chorion is, indeed, 
an indication of monozygosity. It is 
not, however, a proof, because it is 
possible for the ‘‘chorions of two 
germs developing close together’’ to 


1See H. H. Newman, Multiple Human Births, 
New York, 1941. 

2A. B. Fortuyn, “Modern Research on Identical 
Twins,” Quarterly Review of Biology, vol. 7, 1932, 
p. 298. 


fuse. Thus dizygotic twins may, 
and sometimes do, have a common 
chorion. It is almost impossible to 
tell at the time of birth of twins 
whether they are ‘‘identical’’ (mono- 
zygotic) ‘‘because important charae- 
ters have not yet developed.’”* 

In point of fact, monozygotie 
twins, at the time of their birth, tend 
to be more different than fraternal 
twins, in respect to weight and 
length, on account of prenatal condi- 
tions. The reason for this is quite 
obvious. When two fetuses develop 
in one single chorionic sac, one is 
generally in a more favorable posi- 
tion than the other and consequentlyy 


is more advanced at the time of 


birth. By the time the single-chor- 
ion twins have reached adolescence, 
the identical hereditary set, if it ac- 
tually exists, will have produced two 
human beings so much alike, in their 
physical characteristics, that they 
will be very frequently mistaken for 
each other, even by close friends, at 
first glance. Closer observation will 
reveal that the color of the eyes, the 
implantation of the hair, form of the 
skull, the color and vasculation of 
the skin are strikingly similar. 

An interesting factor has recently 
been introduced into the diagnosis of 
monozygotic twins by the use of the 
electroencephalograph, an apparatus 
designed by Berger in 1929. It had 
of course long been known that the 
brain controls the body. Berger was 





3 Ibid., p. 300. 
* Ibid., loc. cit. 
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the first to record, efficiently and 
precisely, the minute electric dis- 
charges occurring in brain cells, ac- 
tive or at rest.* These tracings are 
known as electroencephalograms or 
‘brain waves.’’ By 1935 the inter- 
est of a number of scientists was 
aroused by the unique problem of 
monozygotic twins in relation to the 
similarity or dissimilarity of the re- 
corded ‘‘brain waves.’’ 

In recent years electroencephalo- 
grams have been made of a large 
number of fraternal and identical 
twins. Usually, but not always, 
those twins previously regarded as 
monozygotic, on the basis of the 
single chorion and other factors, 
showed identical ‘‘brain waves’’ 
when the ‘‘E.E.G.’’ test was admin- 
istered. In the case of the XY 
twins, ove of the pairs personally 
studied by the present writer, not 
only was there a single chorion and 
also, after early childhood, so mark- 
éd a degree of physical resemblance 
that even their closest friends fre- 
quently mistook one for the other, 
but also a complete identity of the 
“brain waves’’ as recorded by the 
electroencephalograph. In such a 
case it is safe to assume, without vio- 
lating the canons of scientific precis- 
ion, that these similar sexed twins 
are monozygotic. 

In 1938 a careful study of per- 
sonality differences between mono- 
zygotic twins was published by Dr. 
Evelyn Troup, who selected 20 pairs 
of identical twins in the city of 
Buffalo and tested them by means of 
the Rorschach method. Dr. Troup, 
who was fully aware of the difficulty 
of diagnosing monozygosity, used 
Single-sexed twins previously re- 


*W. G. Lennox, E. L. Gibbs and F. A. Gibbs, 
“The Brainwave Pattern, an Hereditary Trait. 
Evidence from Fourteen ‘Normal’ Pairs of Twins,” 
Journal of Heredity, Vol. XXXVI, No. 8, August, 
1945, p. 233. 

* Ibid., p. 234. 


garded as identical only if at least 
eight definite criteria of monozy- 
gosity were present. Although these 
criteria did not include the electro- 
encephalographie recordings, it is 
fairly safe to conclude that the 20 
pairs of twins selected were actually 
monozygotic. The results of Dr. 
Troup’s experiment coincided very 
closely with the findings of the pres- 
ent writer. The sample is, of course, 
too small to warrant any definite 
conelusions along statistical lines. 
The value of her study lies in the in- 
dividual case histories. An analy- 
sis of the 20 cases studied suggests 
the following conclusions: 

(1) Owing to the genetic set-up, 
there is a basic physical and temper- 
amental similarity between ‘‘identi- 
cal twins.’’ 

(2) There is frequently a mark- 
ed difference in personality struc- 
ture even in two such ‘‘identical’’ 
human entities as monozygotic 
twins. This difference appears clear- 
ly when the Rorschach test is given. 

(3) The popular stereotype of 
identical twins is usually erroneous. 
This stereotype represents monozy- 
gotic twins as an inseparable couple 
bound together by common interests 
and close ties of affection. Since 
such pairs attract attention at first 
glance, an undue importance at- 
taches to them. Only two of the 
pairs studied by Dr. Troup corre- 
sponded to this popular stereotype. 
The remaining eighteen showed such 
wide variance in personality struc- 
ture and interests that her conclu- 
sion was that ‘‘the total personality 
pictures of the members of each pair 
indicated in general no high degree 
of resemblance.’” 

In one of the pairs tested by the 
7£. Troup, “A Comparative Study by Means of 
the Rorschach Method of Personality Development 


in Twenty Pairs of Identical Twins,” Genetic 
Psychology Monographs, Vol. 20, No. 4, p. 544. 
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Rorschach method there was not 
only a marked personality difference 
but also a strong hostility between 
the two members. Both the person- 
ality difference and the hostility 
were quite clearly the result of 
‘‘nurture’’ rather than ‘‘nature.’’ 
Although this particular case is 
definitely abnormal both in the sta- 
tistical and the medical sense of the 
term, it is worth mentioning because 
it uncovers the problem of antagon- 
istic monozygotic twins, a problem 
ignored by Newman. Furthermore, 
it sheds considerable light on a fea- 
ture which is nearly always found in 
normal family life, namely, the tend- 
ency of children to compete with one 
another for the mother’s affection. 


The mother of the eleven-year-old 
girl twins designated as A and B in 
Dr. Troup’s study of personality 
development was, in 1934, in a New 
York State hospital. Her case had 
been diagnosed as dementia praecox, 
paranoid type.* In 1936 she was 
sent home, under medical supervi- 
sion. The twins were living at home, 
together with the other seven chil- 
dren in the family, when Dr. Troup 
administered the Rorschach test. 
The father was regularly employed 
as a mechanic. Both parents were 
bern in Hungary and had come to 
the United States im early childhood. 
The twins’ mother had married at 
the age of seventeen. She expressed 
dissatisfaction with her marriage 
and constantly accused her husband 
of infidelity. During the two years 
of her hospitalization, the twins had 
been placed at first in a foster home 
where both made a very satisfactory 
adjustment. After a few months 
they were sent to an orphanage, 
where the other children had already 
been placed. 


"8 Jbid., p. 497. 


After the mother’s release from 
the hospital, arrangements were 
made for her to visit the children. 
It was during this period that the 
differences between twin A and twin 
B became apparent. The Sisters re- 
ported that twin A became‘‘jumpy”’ 
when the mother appeared. She 
begged to be taken home. Her school 
work began to deteriorate; she 
‘‘withdrew into herself’’ and dis- 
played symptoms which were diag- 
nosed as possible chorea. Her re- 
quest to return home was granted. 
Twin B remained in the orphanage 
for a few months longer. When both 
twins were home the mother reported 
that she had no difficulty with twin 
B but claimed that twin A was 
‘*nervous, had terrible dreams, and 
was afraid to take a bath in a tub.” 
She quarrelled constantly with twin 
B and also with her younger brother. 
She told her mother: 

“‘T’m the black sheep. You like 
|B] better.’’ é 


Twin A was taken to a child guid.-, 


anee clinic, where the psychiatrist 
was impressed by her ‘‘marked feel- 
ing of inferiority, both socially and 
academically.’’ His opinion was 
that the mother had rejected the 
child and tended to identify her with 
the mother’s husband’s sister who, 
according to the mother, was 
‘‘queer’’ at one time. Both twins 
were of normal intelligence, the I.Q. 
tests being recorded as 101 for twin 
A and 107 for twin B. 


The Rorschach tests administered 
by Dr. Troup showed a marked simi- 
larity in the temperament of twin 
A and twin B. There was, however, 
so great a difference in the emotional 
structure of the two girls that she 
concluded that this case showed 
‘‘how different the quality of per- 
sonality make-up in a pair of iden- 
tical twins with similar basic per- 
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sonality constellations’? may become 
under certain circumstances. 

The Rorschach tests of twin A in- 
dicated greater ‘‘sensitivity,’’ a 
strong tendency to ‘‘retreat into in- 
troversion,’’ together with a ‘‘more 
vital and colorful mental life’’ than 
in the case of twin B. Twin B was 
adjudged, on the basis of the Ror- 
schach tests, to have ‘‘apparently 
sueceeded in covering up the danger 
of the over-development of the whole 
inner life by an analyzing atti- 
tude.’’*° Both twins showed a tend- 
ency towards introversion. The per- 
sonality differences were clearly a 
result of subtle environmental dif- 
ferences. 

Less clear cut, but indicative of 
similar conclusions, is the case of the 
twin boys designated as K and L in 
Dr. Troup’s study. Their age, at 
the time of the experiment, was 
eleven. Their parents were born in 
Germany. The father was regularly 
employed, and had five children at 
the time the study was made. The 
home was of average comfort. 

Unlike some of the other twins 
studied by Dr. Troup, twins K and 
L were scarcely ever seen in each 
other’s company. Twin K, who, ac- 
cording to the results of the Ror- 
schach test, had passed beyond the 
pre-puberty stage and had entered 
‘the introversial swing typical of 
the climax of puberty,’”!! spent most 
of his time in the home taking care 
of his younger sister. Twin L, on 
the other hand, who was aggressive- 
ly friendly and sociable and assumed 
all responsibility for outside social 
contacts, spent nearly all his time 
with other boys of his own age. The 
Rorschach tests indicated in the case 
of twin L the ‘‘constriction typical 
of pre-puberty,’’ although to a less 


*Ibid., p. 501. 
” Ibid., p. 500 
4 Jbid., p. 517, 


degree in relation to his surround- 
ings than toward his inner life. The 
personality divergence, as measured 
by the test, was mainly a matter of 
difference in the ‘‘tempo of develop- 
ment.’’?” 

In the case of X and Y, one of the 
pairs of monozygotic boy twins 
studied by the present writer, an in- 
teresting phenomenon presented it- 
self. Both twins were ‘‘incubator’’ 
babies. Y (the smaller of the pair) 
weighed four pounds at birth, and X 
five pounds. The mother developed 
an over-protective attitude towards 
Y, who was slightly handicapped by 
deafness. The ‘‘tempo of develop- 
ment’’ was curiously uneven in the 
ease of X and Y. At the age of 
eleven, Y was unable to read or write 
or to ‘‘hold his own’’ in grade school, 
while X was able to proceed along 


normal academic lines. X was ag- 
gressively friendly outside the 


home, while Y showed a marked 
tendency to retreat into a world of 
phantasy. 

The results of the Rorschach test 
administered in a child guidance 
clinie when X and Y were thirteen 
years old showed marked discrepan- 
cies in emotional adjustment. At 
the clinic, X was definitely more co- 
operative than Y, who ‘‘camouflag- 
ed’’ to the best of his not inconsider- 
able ability in this respect. On the 
basis of the tests, Y was adjudged 
to be slightly superior in regard to 
abstract thinking, while X was re- 
garded as definitely superior to Y 
by the grade school authorities. The 
competition between X and Y for 
the affection of the mother was in- 
tense. Removed temporarily from 
the over-protective home atmos- 
phere, Y responded gradually to the 
educational program outlined by the 
clinic, while X, who remained at 


2 Jbid., p. 519, 
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home with his older sibling, gradu- 
ally abandoned his former hostile 
attitude towards Y, which had oc- 
casioned considerable anxiety in the 
home. 

One of the most ambitious of the 
recent studies of monozygotic twins 
is the work of Rosanoff, Hardy and 
Plesset, who assembled the records 
of 1016 pairs of twins from child 
guidance clinics, correctional insti- 
tutions, medical centers, state hos- 
pitals, and prisons. This work cov- 
ered a period of ten years.** The 
authors analyzed 409 cases of 
‘‘twins with child behavior difficul- 
ties, juvenile delinquency, or adult 
criminality.’"** Among the mono- 
zygotic twins, there were ‘‘concord- 
ant findings’’ in regard to delin- 
quency or criminality in 86.9 per- 
cent of the cases examined and “‘dis- 
cordant findings’’ in 13.1 percent. 
Since nearly all the monozygotic 
twins were raised together, the per- 
centage of ‘‘econcordant findings’’ 
fails to establish the thesis maintain- 
ed by Lange, Stumpfl and others 
that a study of monozygotic twins 
with criminal records ‘‘ proves’’ that 
there is a positive correlation be- 
tween crime and heredity. Futher- 
more, even among the monozygotic 
twins where the ‘‘criminal findings’’ 
were ‘‘concordant,}’ there were 
‘*quantitative and qualitative intra- 
pair dissimilarities.’’ 

As a study of the etiology of de- 
linqueney, crime, and behavior diffi- 
culties, Rosanoff’s study of monozy- 
gotic and dizygotic twins leaves 

%3 Rosanoff, A. J., Handy, L. M. and Rosanoff, 
I. A., “Etiology of Epilepsy, with Special Refer- 
ence to its Oécurrence in Twins,” Arch. Neurol. 
Psychiat., Chicago, 1934, 31, 1165-1193. Also, 


“The Etiology of Mental Deficiency with Special 
Reference to its Occurrence in Twins.” Psychol. 


Monographs, 1937, 48, No. 4. 

% Rosanoff, Handy, and Rosanoff-Plesset, ‘The 
Etiology of Child Behavior Difficulties, Juvenile 
Delinquency and Adult Criminality with Special 
Reference to their Occurrence in Twins.” Psy- 
chiatric Monographs, No. 1., State of California 
Dept. of Institutions, Jan. 1941, p. 182. 


much to be desired because of the 
fragmentary nature of the case his- 
tories assembled by him and his asso- 
ciates. Consider, for example, the 
history of Wendell and Donald C. 
These twins were born in 1907. They 
were adjudged to be monozygotic. 
The family was ‘‘highly respected in 
the community,’’ the father being a 
practicing physician. Donald, the 
first born of the twins, was heavier 
by one pound at the time of birth. 
At school he was usually one year 
ahead of his twin brother. While 
Donald never ‘‘presented any be- 
havior difficulty, delinquency or 
eriminality,’’® his twin brother 
gambled, drank to excess, and occas- 
ionally used marihuana. At the age 
of 23 Wendell was arrested on 
charges of ‘‘grand theft and forg- 
ery.’’ Released on probation after a 
term of imprisonment and placed in 
charge of his family, his later career 
is unknown. While this case history 
reveals almost complete divergence” 
of behavior patterns in a pair of pre- + 
sumably monozygotic twins, it sheds 
little light on the ‘‘etiology’’ of 
behavior problems. In_ general, 
Rosanoff’s material fails to substan- 
tiate his preliminary statement (con- 
siderably modified in his ‘‘Sum- 
mary’’) that his ‘‘findings were 
roughly in harmony with those prev- 
iously reported by Lange, Stumpfl 
and others, as suggesting that hered- 
itary factors play a part in the eti- 
ology of the behavior difficulties 
under consideration.’’!® 

An analysis of the recent studies 
of monozygotie and dizygotic twins 
suggests the following conclusions: 

(1) The ‘‘twin method of study” 
provides an ideal set-up for investi- 


% Rosanoff et al., “The Etiology of Child Be- 
havior Difficulties,” p. 47. 

1° Jbid., p. 9. (Italics those of Rosanoff et al.) 
Cf. Stumpfl, F. Die Ursprunge des Verbrechens, 
dargestallt am Lebenslauf von Zwillingen. Leipzig, 
1936. 
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gating the relative powers of ‘‘na- 
ture and nurture’’ only if used with 
sufficient scientific precision. How- 
ever, many published studies have 
lacked this qualification and have 
merely supported preconceived no- 
tions of the importance of heredity 
or of environment. 

(2) The role played by heredity 
has not been proved in behavior 
problems, delinquency, or crime, but 
there is a high degree of probability 
that certain organic diseases such as 
schizophrenia may be hereditary. 
In this latter field of study outstand- 
ing work has been done by Franz 
J. Kallmann in recent years.’ It 
ean scarcely be denied that impres- 
sive evidence has been presented by 
Kallmann and Rudin which would 
seem to indicate an inherited pre- 
disposition for schizophrenia and 
this evidence is corroborated by 
such case studies of monozygotic 
twins as that of Gardner and 

" Kallmann, F. J., The Genetics of Schizophrenia, 


. J. Augustin, New York, 1938. See also, Aim. J. 
sychiat. 103: 3. 1946, Kallmann, F. J. and 


Stephens.** 

(3) Even in this area, however, 
much scientific caution must be ob- 
served, while genetic ‘‘fatalism’’ is 
completely out of place. The caveat 
of Kallmann himself is of special 
significance. As he accurately ob- 
serves : 

‘“We may either render the given 
morbid gene less penetrant, or we 
may change its expression through 
carefully directed management of 
vital environmental influences or by 
methodological mobilization of con- 
stitutional resistance factors.’’!® 

(4) While no sociologist should 
adopt what F. J. Kallmann calls the 
‘*simple device’’ of denying the role 
played by human heredity, the im- 
portance of family environment is 
revealed in all careful studies of 
monozygotic twins. 





Barrera, Am. J. Psychiat. 98: 4. 1942. 

% Gardner, E. J. and Stephens, F. E., Schizo- 
phrenia in Monozygotic Twins,” Journal of 
Heredity, 40, p. 165. June, 1949. 

%”Kallmann, F. J. “Applicability of Modern 
Genetic Concepts in the Management of Schizo- 
phrenia,” Journal of Heredity, 39, Nov. 1948, p. 
344. Italics those of present writer. 
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THE NEED FOR CORPORATE RESEARCH IN THE 
SOCIAL SCIENCES 


JOSEPH K. JOHNSON 
Southern Illinois University, Carbondale 


Since the term corporate research 
is not one in general use, I shall de- 
fine it at the outset. Corporate re- 
search is research carried on by a 
number of individuals representing 
different fields of specialization (or 
different disciplines), whose activi- 
ties are integrated in terms of a gen- 
eral plan, are guided by a recognized 
leader or director, and are focused 
upon a single problem or complex of 
related problems. Although the term 
corporate research may be unfamil- 
iar, the principle is not new. A 
striking example of the effectiveness 
of corporate research in the physical 
sciences is afforded by the work of 
the Manhattan Project in developing 
the atomic bomb. One reason the 
Manhattan Project could be set up 
quickly and could function smooth- 
ly was that the pattern for this type 
of research organization had already 
been worked out in the research lab- 
oratories maintained by corporations 
such as General Electric and A. T. & 
T., and many top-ranking scientists 
had already had experience with 
such organizations. Examples of the 
beginnings of corporate research in 
the social sciences are found in the 
work of certain foundations, notably 
the Russell Sage Foundation, the 
Seripps Foundation, and the Twen- 
tieth Century Fund, and in some of 
the work carried on by the Bureau 
of Agricultural Economies of the U. 
S. Department of Agriculture, also 
the Food and Agriculture Organiza- 
tion of United Nations. 


Corporate research is differentiat- 
ed sharply from individual research 
—the prevailing form of social re- 
search today—in which the individ- 
ual selects his problem, formulates 
his hypothesis, determines methods 
of investigation, gathers his data, 
and writes up his findings, hoping of 
course for publication and perhaps 
professional advancement. Indeed, 
there are grounds for suspecting 
that a large part of the individual 
research now being done in the social 
sciences is motivated by this hope 
rather than by an insatiable thirst 
for knowledge. Consider, for ex- 
ample, how many academic persons 
find that their thirst has been perma- 


nently slaked after their Ph.D. dis- ° 


sertation has been accepted! The 
shortcomings of individual research 
were indicated recently by Professor 
Harold W. Saunders, in reporting 
on a census of sociological research 
in Midwestern colleges and univer- 
sities, when he declared that ‘‘most 
of the research is still highly indi- 
vidualized endeavor, carried on as 
subsidiary to the function of teach- 
ing, is short run and piecemeal in 
organization, and is poorly financed, 
if financed at all, by funds specifi- 
cally allocated for that purpose.’ 
Professor Philip M. Hauser, writ- 
ing at a time when it seemed likely 
that basic social science research 
would be provided for by Congress 
under a National Science Founda- 


“1 “The Status of Research in the Midwest Socio- 
logical Society,” The Mid-West Sociologist, v. 12, 
No. 2, pp. 15-16 (Spring, 1950). 
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tion, asks the question, ‘‘ Are the So- 
cial Sciences Ready?’’and gives a 
qualified negative answer when he 
declares that ‘‘new research perspec- 
tives are badly needed—perspectives 
not restricted to projects forced into 
the molds of the spotty and limited 
financial support of the past.’’ He 
goes on to express the hope that 
“adequate financial resources will 
increase the necessity for, and should 
increase greatly the number of 
studies made by competent groups 
rather than by individual investi- 
gators.’” 

Corporate research should not be 
confused with joint research, nor 
even with cooperative research in the 
usual sense of the latter term. Joint 
research in science is the equivalent 
of the partnership in business. It is 
the situation where two or more in- 
dividual workers, usually represent- 
ing the same discipline and often 
the same field of specialization, pool 
their efforts and results. The type 
of project undertaken by joint re- 
searchers is generally little different 
from the individual research proj- 
ect, and while the scope of investiga- 
tion may be broadened considerably 
and the amount of data amassed may 
be more imposing, joint research 
nevertheless has most of the charac- 
teristics, and limitations, of individ- 
ual research. 

All scientific research is coopera- 
tive in the sense that every inves- 
tigator makes use of and builds upon 
the work of others. In the narrower 
sense in which the term is ordinarily 
used, however, cooperative research 
denotes a certain loose cooperation 
between individuals or institutions 
(especially the latter) involving, 
among other things, exchange of in- 


* “Are the Social Sciences Ready?’ American 
~~ Review, V. 11, pp. 381, 382 (Aug. 


formation about projects being 
worked on, conferences on methodol- 
ogy, mutual exchanges of personnel, 
and in some cases a pooling of data. 
An example of cooperative research 
in which data are pooled would be a 
series of parallel surveys undertaken 
in different communities by different 
investigators, but employing a com- 
mon schedule so that data collected 
will be more or less comparable. If 
joint research is comparable to the 
business partnership, cooperative re- 
search may be compared to the trade 
association in its looser forms. This 
is not to disparage cooperative re- 
search, or cooperation in research. 
There is need for much more coop- 
eration than now exists in the social 
sciences and it is not contended that 
the development of corporate re- 
search would reduce the need for co- 
operation in research. Social Science 
Abstracts, which perished during 
the depression and which certainly 
should be revived, was a cooperative 
enterprise involving interdisciplin- 
ary and inter-institutional coopera- 
tion in reporting research. 


Carrying to its logical conclusion 
the scheme of analogy we have used 
in comparing joint research to the 
business partnership, and coopera- 
tive research to the trade association, 
we may say that corporate research 
is just what its name implies—the 
application of the principles of 
corporate organization to scientific 
research. As implied in the defini- 
tion at the beginning of this paper, 
it involves (1) division of labor, as 
distinguished from parallel effort, 
(2) maximum utilization of special- 
ized training and talent, (3) inter- 
disciplinary team work, (4) integra- 
tion of effort under leadership, and 
(5) a research plan providing for 
continuity of effort and the focusing 
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of diverse viewpoints upon a single 
problem or problem complex. 
Though not implied in our original 
definition, and not essential to the 
basic concept, it is important to note 
also that corporate research, like the 
business corporation, may make pos- 
sible a better utilization of available 
economic resources and also bring to 
the support of scientific research 
larger aggregates of capital than are 
likely to be made available to the 
less organized forms of research. 

1. Division of labor. — Adam 
Smith, in Wealth of Nations, pointed 
out that in his time (c. 1776) it was 
not uncommon for an English “‘fac- 
tory’’ to consist simply of a ware- 
house in which a number of skilled 
workers pursued parallel enter- 
prises, each one performing all the 
successive operations involved in 
converting raw material to finished 
products, and that the output of 
such a factory was simply the sum of 
the individual outputs. But he went 
on to show that a transition was in 
progress, and that in one industry, 
the manufacture of the common pin, 
the manufacturing process had been 
broken down into separate and suc- 
cessive operations, with the use of 
teams of workmen in which each 
worker performed only a single op- 
eration; and he pointed out that, as 
a result of this division of labor, a 
team of workers was able to produce 
several times as much as the sum of 
the outputs of a similar number of 
workers working as individuals. In 
the twentieth century, the advant- 
ages of division of labor in industry 
are universally accepted, but scien- 
tific research with few exceptions 
has not yet reached even the stage 
of the warehouse ‘‘factory.’’ It 
reposes in a still earlier stage—that 
of cottage industry and the individ- 
ual craftsman ! 


In defense ¢f this analogy, it is 
asserted that industry and scientific 
research have many essential things 
in common. Each calls for the exer- 
cise of a variety of highly developed 
skills, each involves well defined 
processes which can be broken down 
into coneurrent and successive op- 
erations in which specialization leads 
to greater skill and efficiency, and 
each makes use of tools (or instru- 
ments) and stands to gain from 
that sort of organization in which 
the worker does not waste time in 
putting down one tool and groping 
for another. The universe of scien- 
tific knowledge, like that of techni- 
eal skills, has expanded to the point 
where no one person can hope to 
master more than a small segment, 
yet nations and individuals are daily 
confronted with problems which call 
for the concerted, and integrated 
application of many fields of scien- 
tific knowledge. 

Imagine, if you ean, the plight of 
a person desiring a modern automo; 
bile who is obliged to procure all the 
necessary raw materials, then seek 
out workmen with all the necessary 
skills, then transport his materials 
from shop to shop until all the parts 
are finished, and finally assemble the 
parts himself. Yet such, precisely, 
is the plight of the man, or the na- 
tion, which seeks scientific guidance 
in the solution of any of the com- 
plex problems which we designate by 
the term ‘‘social.’’ 

2. Maximum utilization of spe- 
cialized training and talent, as indi- 
cated above, is attained only in a sit- 
uation where tasks are allotted ac- 
cording to special skill and ability 
and the whole process is so organized 
as to avoid duplication of effort, but 
at the same time insure that all 
needed operations are performed in 
proper sequence. Anyone who has 
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had even superficial contact with re- 
search in the social sciences must be 
aware of enormous duplication of 
effort. If not, a perusal of some of 
the annual lists of doctoral disserta- 
tions in the social sciences is recom- 
mended. Even at the level of ad- 
vanced research, universities and in- 
dividual scientists compete openly 
with each other in the exploration of 
certain favored fields, and turn a 
deaf ear to proposals for division of 
the field and the sharing of results, 
doubtless for the unspoken reason 
that to do so would involve sacrifice 
of institutional or individual credit 
and prestige, though the shibboleth 
of freedom of scientific investigation 
is likely to be advanced as public 
justification of their disinterest, if 
justification is demanded. - 

But duplication of effort is not 
the only loss we sustain because of 
our highly atomized and individual- 
ized research. Because choice of re- 
search problem is largely a matter. of 
personal bent (or institutional bias), 
research tends to be spotty and dis- 
continuous, so that when one sur- 
veys the field of social phenomena 
as a whole, he finds certain areas 
mapped and plotted in great de- 
tail—even trivial or useless detail. 
These are the popular areas, the 
areas of research toward which at- 
tention runs. 

For example, in sociology, family 
relations, juvenile delinquency, so- 
cial disorganization (a rather vague 
and formless concept), and recently, 
race or minority group relations 
have been strong favorites. But at 
the same time there are vast areas of 
terra incognita. Some of these areas, 
such as religious behavior and sex 
behavior, are fenced off by institu- 
tional bars. A certain amount of 
peripheral exploration is permitted, 
provided it is done delicately and 
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reverently, but one must not go into 
the dark woods, and one must be 
careful not to step on the flowers or 
frighten the little rabbits. 

On the other hand, there are large 
and important areas which are neg- 
lected for no discernable reason save 
that nobody seems to be interested in 
them. For example, sociology has 
largely neglected the study of popu- 
lar musie and other forms of popu- 
lar art; and while sociologists have 
studied intensively certain aspects 
of criminology, the study of law- 
making, law-observance, and law-en- 
foreement as social processes has 
been neglected. Social workers and 
sociologists have long been concern- 
ed with the effects of poorly balanc- 
ed diets, but sociological literature 
contains only a few small and scat- 
tered studies dealing with the rela- 
tionship of food habits to other as- 
pects of culture such as intergroup 
prejudice and social status. Here is 
certainly a problem for interdiscip- 
linary teamwork with dietitians, 
physiologists, psychologists, and so- 
ciologists all playing on the team. 

It is not contended that corporate 
research will solve all problems of 
mal-distribution of research effort, 
but like the Seandinavian gentle- 
man’s daily ration of sixty-four cups 
of coffee, ‘‘it will help.’’ It will help 
in four ways: (1) Corporate organi- 
zation of research will certainly re- 
duce the amount of needless duplica- 
tion of research. This point seems 
so obvious that space will not be tak- 
en to argue it. (2) Confronting bar- 
riers of prejudice or tabu, an organ- 
ized group with respected institu- 
tional backing can make a stronger 
attack, with less individual risk than 
can the lone researcher. (3) With 


respect to the neglected areas in the 
research map, it may reasonably be 
assumed that interdisciplinary team- 
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work will help. Bringing together 
investigators trained in different 
fields means that more questions 
will be asked and the searchlight of 
science will be played over a larger 
area. (4) A research team on which 
different but mutually supporting 
fields of specialization are repre- 
sented will be able, not only to see 
more aspects of a central problem, 
but to pursue more related lines of 
inquiry and hence avoid the errors 
of particularism which have ap- 
peared so often in the social sci- 
ences. 

3. Interdisciplinary teamwork.— 
In the preceding section we have al- 
ready pointed out how interdisci- 
plinary teamwork can contribute to 
the more effective utilization of spe- 
cialized training and talent and lead 
to a broader concept of problems and 
more comprehensive investigations. 
Interdisciplinary teamwork appears 
to offer one answer to the dilemma of 
specialization versus understanding, 
i.e. a means whereby the social sci- 
ences can supply, not only the min- 
utely detailed knowledge of the 
specialist, but also broad understand- 
ings which can come only from 
knowledge which is both intensive 
and extensive, and which are so 
necessary in the processes of predic- 
tion and planning. 

For example, to understand and 
deal effectively with intergroup re- 
lations—racial, ethnic, religious, or 
economic—calls for a team in which 
anthropology, economies, psychol- 
ogy, and sociology are represented, 
because that complex social pheno- 
menon which we eall prejudice is far 
more than a pre-judgment or fallaci- 
ous belief which can be speedily 
vanquished by giving people the 
facts. It is a witches’ brew, com- 
pounded of folk myths and super- 
stition, religious convictions, eco- 


nomic interests, sentiments of group 
loyalty, vague fears and anxieties, 
displaced hostilities, and frustra- 
tions, with added special ingredients 
according to the particular brand of 
prejudice. Nothing could be more 
futile and absurd than trying to deal 
with so complex a phenomenon as if 
it were a simple matter of interper- 
scnal understanding which can be 
cleared up by getting the facts in 
the open and bringing the parties 
together so that they can shake 
hands. 


4. Integration of effort under 
lcadership.—Anyone who has ever 
had the experience of working on, or 
with, a faculty committee knows that 
even scientifically trained minds, 
without leadership, have a discon- 
certing tendency to ‘‘ride off furi- 
ously in all directions’’ and spend a 
precious afternoon in getting no- 
where at all. Corporate research in- 
volves, as an essential element, the 
existence of acknowledged leader- 
ship and the willingness of all per- 
sons engaged in such research to re- 
spond to leadership. This does not 
mean mechanical control nor the sae- 
rifice of what we ordinarily under- 
stand as intellectual freedom and 
integrity. In the staff conference 
ideas and proposals may be batted 
around the circle without regard to 
the rank or seniority of their authors, 
but in the end, if there is to be an 
end, someone must be able to fuse 
divergent proposals together into 4 
plan acceptable to all. And when 
divergence becomes so sharp that 
this is not possible, there must be 
someone, commanding the respect of 
all, to make a decision. Admittedly 
this involves risk, and some com- 
promising of freedom, but so does 
marriage, or signing a contract, oF 
entering into any significant social 
relationship. 
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This seems particularly applicable 
to research carried on by graduate 
students in our universities. Work- 
ing individually and guided only by 
occasional conferences with busy pro- 
fessors, they turn out each year 
scores of theses and dissertations 
containing vast accumulations of 
painfully collected data which the 
student has analyzed mechanically, 
by methods learned the previous 
semester. Problems selected are of- 
ten inconsequential, or so narrowly 
defined as to be of little significance 
unless supported by related studies ; 
and the interpretation of findings is 
halting, confused, and lacking of in- 
sight. Surely the minds and ener- 
gies of these young people could be 
utilized better if they were assigned 
to work for a semester, or a year, 
with an organized group under 
skilled leadership, instead of being 
foreed to strike out on their own. 

5. A research plan.—Stressing 
the need for more and better plan- 
ning in social science research, Pro- 
fessor Hauser insists that 

we must regard it as a basic obliga- 
tion, to plan social science research 
projects that meet the requirements of 
good design of experiment. This does 
not mean that all research projects must 
be put into a test tube or brought into a 
laboratory, or that all research projects 
must be quantified. It does mean, how- 
ever, that all important variables in- 
volved in a given problem should be 
brought under “control”. It does mean 
that steps should be taken to assure that 
the population studied is a representa- 
tive population—representative of the 
entire universe from which it is drawn 
or a selected segment of that universe 
which can be rigorously described. It 
does mean that the study should be set 
up in a manner to permit generaliza- 
tions and conclusions whether they be of 
a positive or negative nature. Too many 
Tesearchers in the past have, largely 
because of limited resources, stopped 
where they really should have begun -- 
at the point where qualitative or quanti- 
tative studies have provided initial in- 
Sights into the problem under explora- 


tion. Exploratory case studies or statis- 
tical studies will, of course, still be 


necessary, but adequate resources should 
result in projects which follow through 
—in carefully designed studies in which 
the variables are known and controlled 
and which result in statements of social 
laws and probabilities. 


The essence of a research plan is 
to be found in the concept of con- 
tinuity—logical continuity and tem- 
poral continuity. Research should 
have logical continuity in the sense 
that it covers completely a defined 
area of investigation and maintains 
scientific liaison with related areas; 
it should have temporal continuity 
in the sense that it builds upon the 
validated results of earlier research 
and at the same time provides leads 
for future investigation and further 
validation. There are at least five 
requirements for a sound research 
plan. 

To begin with, a research plan 
must be built around a defined prob- 
lem, or problem complex. A prob- 
lem may be defined in terms of a 
specified category of social phenom- 
ena, for example, competition or 
assimilation, in which case it is us- 
ually designated as a_ theoretical 
problem; or it may be defined in 
terms of a specified institution or 
institutional pattern, for example, 
marriage, education, or a specified 
group or population, in which case 
we designate it as a practical prob- 
lem. As the social sciences have 
operated until now, the emphasis 
upon the practical type of problem 
has been much stronger than in the 
ease of the theoretical, and there is 
probably little reason to suppose that 
this situation will change, nor to 
wish that it should change, for the 
soundest structure of theory is often 
that which is built up in the process 
of finding solutions to practical prob- 
lems. The important thing is that 
the problem, whether ‘‘practical’’ or 


3 Ibid., p. 382. 
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‘“theoretical,’’ shall be so defined as 
to include all ramifications and per- 
mutations. In other words, the great 
sin of research planning is over- 
simplification of the problem. 

A second requirement of good re- 
search planning is the collation of all 
existing research data which have a 
bearing on the problem, in order 
that unnecessary repetition may be 
avoided, and the investigation may 
be so ordered that it will add to pres- 
ent knowledge. The importance of 
this is obvious, but the means of 
doing it, so far as the social sciences 
are concerned, are not obvious. Be- 
cause of the individualistic and un- 
organized character of social science 
research in the past, and in the ab- 
sence of classified lists and cross- 
indexes of published research data, 
it is virtually impossible for a social 
scientist today to know what has been 
done, or even what currently is being 
done with respect to a certain prob- 
lem. 

Having defined the problem and 
taken account of all existing knowl- 
edge which bears upon it, the third 
step in research planning is to for- 
mulate a series of hypotheses which 
shall, as far as possible, cover all 
solutions to the problem which are 
logically conceivable in the light of 
existing knowledge, and this leads 
directly to the fourth step, which is 
the designing of an experiment (us- 
ing that term in its broadest sense), 
or a related series of experiments, 
which shall test, not one, but all of 
the hypotheses. Good experimental 
design, as Hauser has indicated, 
means setting up a plan of inquiry 
in such a way that when the inquiry 
is completed, the various hypotheses 
will either be ‘‘proved’’ or ‘‘dis- 
proved.’’ A conelusion which falls 
short of this is really no conclusion 
at all. 


Finally, in the sound plan of re- 
search, there must be an analysis of 
the task and a determination of the 
personnel needs. What disciplines 
and what fields of specialization 
within disciplines need to be repre- 
sented in this study? When this has 
been done, the plan may be said to 
be complete; there remains only the 
administrative (and perhaps finan- 
cial) problem of finding suitable staff 
and organizing them into a research 
team. 

For most institutions now en- 
gaged in social science research, cor- 
porate research must be regarded as 
a goal to be approached gradually 
rather than as a procedure to be 
adopted immediately. One obvious 
reason for this is the problem of 
financial support. Large-scale, com- 
prehensive research projects of the 
sort described here call for research 
budgets seldom dreamed of in the 
social sciences. Moreover, they call 
for an entirely different sort of 
grant from that which foundations 
and research councils are accustom- 
ed to make. The practice which has 
developed and become strongly en- 
trenched in the social sciences is for 
available research funds to be par- 
celled out in small grants ($500 to 
$3,000) to individuals on the basis of 
competitive ‘‘bids.’’ If progress is 
to be made in the development of 
corporate research, institutions and 
foundations must be educated to the 
point where they recognize that the 
structure of knowledge cannot be 
economically built by the same prin- 
ciples which govern the erection of 
a new wing on the gymnasium. 

Yet one of the reasons for the nig- 
gardly support now given to re 
search in the social sciences undoubt- 
edly is to be found in the present 
shortcomings of social science re 
search. In other words, if the social 
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scientists could do better research, 
they could get more money, and if 
they had more money, they could do 
better research. How is this circle 
to be broken? As indicated above, 
it cannot be done all at once, but I 
think it can be done. The first steps 
must, obviously, be taken by the 
social sciences themselves. Specifi- 
cally, the following measures are 
suggested : 

1. Organization of interdepart- 
mental discussion groups or 
faculty seminars to promote a 
broader approach to. social 
problems and lay the founda- 
tions for  interdisciplinary 
teamwork. 

2. Establishment of social science 
research committees or coun- 
ceils charged with the function 
of developing broad, voordi- 
nated research programs. Such 
groups already exist in many 
universities, but their usual 
function is adminstration 
rather than planning — they 
consider the ‘‘bids’’ of indi- 
vidual researchers and parcel 
out research funds or research 
time on an individual basis, 
making sure that no depart- 
ment gets more than its share. 

3. Progressive integration of in- 
dividual research efforts, in- 
cluding the ‘‘foreed’’ research 
of graduate students, into a 
broad plan that is focused up- 
on a locally or nationally sig- 
nificant problem complex. 

The possibilities of action along 

these lines can be illustrated by an 
acount of what we are doing at 
Southern Illinois University. For a 
lg time, southern Illinois has been 
regarded as a problem area, but we 
at the University have come to re- 
gard it as an area of unrealized op- 
portunity. From the standpoint of 
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research, it is a veritable sociological 
laboratory, since it is culturally an 
interstitial area where the distine- 
tive culture traits of northern and 
southern regions meet, intermingle, 
and not infrequently ‘‘slug it out.”’ 
We have not yet been able to accom- 
plish the first two steps outlined 
above, but within the Department of 
Sociology we have developed a long- 
range research plan which is based 
upon the corporate concept of re- 
search, have secured limited finan- 
cial support from the University for 
this plan, and have hopes of getting 
foundation support. With a small 
budget provided by the University, 
we are collecting and collating pres- 
ently available information about 
the area. We have been reasonably 
successful in persuading graduate 
students to work on research prob- 
lems which fit into our plan, and in 
building up the staff of the depart- 
ment we constantly keep in mind 
the requirements of a well-balanced 
research team, which we find is not 
necessarily incompatible with the 
equally important objective of de- 
veloping an effective teaching team. 

In conclusion, I turn to a prob- 
lem which I am sure has been trou- 
bling many during this discussion— 
the problem of possible dangers in 
corporate research. Will it destroy 
intellectual freedom and lead to 
regimentation of investigation, fol- 
lowed by regimentation of thinking? 
In answer to this question, I wish to 
assert, first of all, that there are vital 
differences between integration and 
regimentation. Indeed, it may well 
be argued that the survival of free 
society depends upon our discover- 
ing practical means of achieving in- 
tegration of effort without regimen- 
tation. 

In the second place, it is far from 
my intent to advocate corporate re- 
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search to the exclusion of individual 
research. There should always be a 
place for the investigator of rare 
talents who can perform a brilliant 
piece of research by himself, as well 
as for the unorthodox theorist 
whose hypotheses may seem insane 
to organized research agencies. 


In the third place, while I have 
emphasized the adaptability of cor- 
porate research to large-scale proj- 
ects, I am not blind to the dangers 
of eartelized research. I can, for ex- 
ample, foresee the possibility that a 
National Research Foundation, fi- 
nanced by Federal appropriation, 


might lead to a dangerous degree of 
eartelization, and I think the exelu- 
sion of social sciences from the bene- 
fits of the pending legislation may 
some day be viewed as a fortunate 
thing. The social sciences need scores 
of well-organized research teams, 
based on the campuses of our leading 
colleges and universities, and fi- 
nanced from many sources—local 
contributions, state or municipal ap- 
propriations, foundation grants, and 
even Federal grants where they can 
be obtained without sacrifice of local 
control or self-sufficiency. And all 
this, I must insist, is compatible with 
the concept of corporate research. 
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ZOOLOGY 


THE USE OF HORSE STRONGYLE LARVAE 
IN SCREENING COMPOUNDS FOR 
ANTHELMINTIC ACTIVITY 


NORMAN D. LEVINE* 
University of Illinois, Urbana 


Sinee the discovery of the sulfo- 
namides, research in chemotherapy 
has gone on at an ever-increasing 
rate. One phase of this expansion 
has been an intensification of the 
search for new and better anthel- 
minties. 

The pattern of this type of re- 
search is essentially that which was 
used during World War IT.in search- 
ing for new antimalarial and anti- 
filarial drugs (cf. Wiselogle, 1946, 
and Conference on the Chemothe- 
rapy of Filariasis, 1948). Hundreds 
and even thousands of compounds, 
Selected more or less at random, are 
tested for activity. When a promis- 
ing compound is found, other relat- 
ed compounds are synthesized and 
studied. 

Because so many compounds are 
studied in the initial screening test, 
a rapid, cheap technic is essential. 
The host which one wishes to treat 
is usually unsatisfactory because it 
is too large, too expensive to main- 
tain, or not available in sufficient 
numbers. Hence workers have turn- 
ed to in vitro tests or in vivo tests in 
small laboratory animals. 

Neither of these types of test is 
completely satisfactory. Both miss 
compounds which would be effective 
against parasites of economic impor- 
tance; both give promising results 
with compounds which are later 
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found to be valueless against these 
parasites. Brackett and Bliznick 
(1949), for instance, using Nippo- 
strongylus muris in the mouse (Mus 
musculus), sereened over 1625 com- 
pounds for anthelmintic activity. 
Among the known nematocides 
which they tested, carbon tetrachlor- 
ide was fairly active, but tetrachlo- 
rethylene, hexylresorcinol, and phe- 
nothiazine were not satisfactory. 
Santonin and _ beta-naphthol were 
practically worthless ; gentian violet, 
thymol, and n-butyl chloride were 
completely ineffective. On the other 
hand, trichloracetamide and some of 
its relatives were highly effective. 
Unfortunately, this compound turn- 
ed out to be ineffective against 
Strongyloides ratti in the rat (Rat- 
tus norvegicus), Syphacia obvelata, 
Aspicularis tetraptera, and _ the 
adults and larvae of Trichinella spi- 
ralis in the mouse (Mus musculus), 
and Litosomoides carinii in the cot- 
ton rat (Sigmodon hispidus). 


In the last analysis, if one wants 
to find a compound which is effective 
against a particular parasite in a 
particular host, he must test it 
against that parasite in that host. 
No other procedure will give defin- 
itive results. The screening tests 
simply help in the hunt. 


In vitro tests are usually faster 
and cheaper than in vivo ones. It is 
not necessary to have facilities for 
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housing and handling many experi- 
mental animals, and the tests can be 
done conveniently on a table top. On 
the other hand, the results ob- 
tained in an in vitro test cannot 
necessarily be carried over without 
modification to the living animal. 
The drug-helminth reaction is a rela- 
tively simple, clear-cut one in vitro, 
but introduction of a host into the 
reaction brings in many modifying 
factors. A compound which is active 
in vitro may not be active in vivo, 
and vice versa. And an effective 
compound might turn out to be too 
toxic for the host to be used. 

In vitro tests can be carried out 
either on the adult worm or on lar- 
vae. The advantage of using the 
adult is that it is the stage for which 
animals are treated. The metabol- 
ism of the larva often differs from 
that of the adult, so that a drug 
which kills larvae might not kill 
adults, and vice versa. Nevertheless, 
larvae are often so easy to obtain 
and to use that screening with them 
is justified. Otto and Maren (1948, 
1949), for instance, discovered the 
new antifilarial compound, arsena- 
mide, as a result of screening with 
Dirofilaria immitis larvae. 

The screening test which I shall 
describe is a modification of the test 
developed by Parnell (1936). It 
uses the larvae of horse strongyles 
as test organisms. These nematodes 
belong to the family Strongylidae. 
Dikmans (1945) lists three species 
of large strongyles (genus Strongy- 
lus) and 36 species of small strongy- 
les of 11 different genera as occur- 
ring in horses and other equids in 
North America. Practically all 
horses have multiple infestations. It 
does not seem to matter a great deal 
which species is used in the test. 

The eggs of these nematodes are 
passed in the feces. First-stage 


larvae hatch in about a day, feed in 
the manure, and molt to long-tailed 
second-stage larvae in another day. 
These also feed in the manure. Ina 
few days they molt again to become 
short-tailed third-stage larvae. The 
second-stage cuticle is not complete- 
ly cast, but is retained as a proteec- 
tive sheath around the third-stage 
larvae. These larvae do not feed. 
They leave the manure, crawl onto 
the vegetation, and are eaten by 
horses when they graze. 

This test was originally designed 
to be used in searching for com- 
pounds which would kill the larvae 
on pasture. However, it is also ap- 
plicable to screening drugs to be 
used against the adults. 

Strictly speaking, this is not an 
in vitro test, since it is carried out 
against larvae in their natural en- 
vironment. However, since no host 
is involved, the test is generally 
grouped with the in vitro tests. 

The chemical compound to be tesf- 
ed is mixed with taleum powder to 
give it body. One-half gram of this 
mixture is mixed thoroughly with 
4.5 g. of fresh horse manure contain- 
ing strongyle eggs. The manure-tale- 
chemical mixture is placed in a small 
cheesecloth bag, which is suspended 
in a closed, 2-0z. wide-mouth glass 
jar. The jar is set aside in a dark 
cupboard for a week. By this time 
the larvae have reached the third 
stage, and many of them have mi- 
grated out of the feces. They collect 
in the droplets of condensation water 
which appear on the sides of the jar, 
and can be recognized by examining 
the condensation water with a pow- 
erful hand-lens (I use a 15-X micro- 
scope ocular). 

If no larvae can be found, the bag 
is placed in a Baermann apparatus 
(a funnel with a piece of rubber 
tubing closed by a pinch-clamp). 
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Horse Strongyle Larvae 


Enough warm water is poured into 
the funnel to half cover the bag. If 
larvae are present, they migrate into 
the water. After an hour or two 
some of the water is withdrawn 
through the rubber tubing at the 
bottom of the funnel, and examined 
for larvae with a low-power micro- 
scope or hand-lens. 

The presence of living larvae in- 
dicates that the compound was in- 
effective. In the work cited above, 
both Parnell and I counted the lar- 
vae, but I now feel that this is not 
necessary in a screening test of this 
type. 

In the preliminary screening test, 
each compound is set up in concen- 
trations of 0.01, 0.005, 0.0025 and 
0.001 M. If these give promising 
results, further studies are carried 
out. In my earlier work, I used 
standard percentages of compounds, 
but comparisons on an equimolar 
basis are preferable. 

Untreated controls are essential, 
since in an _ occasional manure 
sample the larvae failed to develop. 

One advantage of using taleum 
powder as a diluent instead of at- 
tempting to dissolve the compounds 
is that both soluble and insoluble 
compounds can be studied without 
changing the technic. In addition, 
a compound whose solubility is not 
known can be screened without tak- 
ing time to determine if it is soluble. 

Because of the nature of this tech- 
nic, it is impossible to tell whether 
a compound acts on the eggs or on 
the first-, second-, or third-stage 
larvae. This does not affect the val- 
ue of the test for screening purposes. 
For more precise information, the 
effect on each stage could be deter- 
mined separately. 


The selection of a manure donor 
is important. A strongyle egg count 
of at least 1000 eggs per gram of 
feces is desirable. Horses will some- 
times be found in whose manure 
larvae do not develop well; such 
horses cannot be used as donors. 

So far over 150 compounds have 
been screened against horse stron- 
gyle larvae. The results on 70 have 
already been reported (Levine, 
1949), and those on the others will 
be reported later. Anumber of prom- 
ising compounds have been found, 
including several iodine compounds. 

Among known nematocides which 
were tested, 1% sodium fluoride, nie- 
otine sulfate, and phenothiazine 
killed all larvae in the manure, while 
1% hexylresorcinol killed 99.5% 
(compared with the number of lar- 
vae present in the controls). When 
present in a concentration of 0.1% 
in the manure, crystal violet killed 
53% of the larvae; hexylresorcinol, 
79% ; phenothiazine, 82%; sodium 
fluoride, 84% ; and nicotine sulfate 
killed them all. This last compound 
killed 99 to 100% of the larvae in 


four tests at a concentration of 
0.01%. 


SUMMARY 


A cheap, convenient technic is 
deseribed for sereening chemical 
compounds for possible anthelmintic 
value, using horse strongyle larvae 
as test organisms. The compound to 
be tested is mixed with horse manure 
containing strongyle eggs. The mix- 
ture is suspended in a cheesecloth 
bag in a glass jar. The jar is set 
aside in a cupboard for a week, and 
the jar and manure are then exam- 
ined for larvae. 
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A COMPARATIVE STUDY OF NORMAL AND 
PIEBALD HAMSTERS* 


CHARLES L. FOOTE and FLORENCE M. FOOTE} 
Southern Illinois University, Carbondale 


A eoat-color mutation in the gold- 
en hamster (Cricetus auratus) was 
recently described (Foote, 1949). 
Preliminary studies of this mutant 
strain, designated piebald because 
of the white coloring about the face 
and eyes, suggest that there are vari- 
ations from normal associated with 
the coat-color change. Keeler (1947a, 
1947b) has indicated that certain 
coat-color genes manifest themselves 
in all parts of the mammalian or- 
ganism by producing modifications 
of morphology, physiological nature, 
and behavior. In this piebald strain 
of hamsters the first morphological 
difference observed, other than coat 
color, was that these animals ap- 
peared smaller and their body 
weights were less than those of nor- 
mal animals. A preliminary study 
of this weight difference has been 
reported (Foote and Bullock, 1949). 


This report brings together some 
of the data accumulated during the 
past two years in comparing the 
piebald strain of hamsters with nor- 
mals. Studies described here are 
for body weights, litter size and mor- 
tality, and reproductive tract ab- 
normalities. Coat color for the mu- 
tant strain will be described and 
sex distribution discussed. 


RESULTS 


Coat color—The animals of the 
hamster colony used in this study 


__ 


* Aided by grants from the General Research 
Fund, Southern Illinois University. 
x =A With the technical assistance of Charles B. 


were graded on the basis of coat 
color. The normal coat coloring for 
this species of hamster is light brown 
on the back and white on the under- 
side, with a brown band across the 
chest between the forelegs. White 
areas extend from the fronts of the 
forelegs and from the throat region 
up and forward across the cheek 
pouches (fig. 2). An animal with 
coat color of this kind was graded 
as P-0. 

The first noticeable variation from 
normal toward piebaldness is the ap- 
pearance of a strip of white in the 
center of and at right angles to the 
brown band between the forelegs. 
This area of white becomes wider as 
animals tend more toward the pie- 
bald condition until the brown area 
is entirely absent. Animals show- 
ing variations in the degree of white 
on the chest were graded P-1 to P-5 
(fig. 2). The animals graded P-5 
have no brown color on the under- 
side and are completely white on 
belly, chest, and throat. Animals in 
grades P-1 to P-5 show the normal 
brown color on the back. 

Animals graded P-6 to P-10 
show varying degrees of white on the 
nose, face, and back, and lack all 
brown color on the underside (fig. 
3). Young animals will show the 
piebald color pattern as soon as they 
become pigmented after birth, on 
about the third day, and the pattern 
is never varied as the animal be- 
comes older. 

In the present paper the hamsters 
in grades P-0 to P-2 (344 ani- 
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Fic. 1—Comparison of mean body weights of normal and piebald hamsters. 


Points up to 23 weeks plotted by weeks; 


points after 23 weeks plotted by months. 


TABLE 1.—SeEx DISTRIBUTION 
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mals) are considered to be normals, 
while those in grades P-3 to P-10 
(133 animals) are considered pie- 
balds. 

Sex distribution—In the total 
colony of 477 animals the sexes were 
almost equally divided, 238 females 
and 239 males. Distribution by sex 
and grade is given in table 1. — 

Body weight—-The first observed 
variation from normal in the piebald 
animals, other than coat color, was 
in body weight. It appeared that 
they were somewhat smaller and 
weighed less than normals. 





Body weights were taken weekly 
for a period of 58 weeks on a Hanson 
Dietetic Seale, on Friday afternoon 
of each week, before the animals had 
been fed for that day. All animals 
were fed the same diet of leaf let- 
tuce, laboratory chow, and milk. 
Weights of most animals were taken 
from the time they were 16 days old, 
the time of weaning. The total num- 
ber of animals weighed each week 
varied somewhat since they were 
being used in other studies and some 
had to be sacrificed. 

Normal animals showed a consis- 
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Normal and Piebald Hamsters 


Fig. 2—Undersides of normal and piebald female hamsters showing varying 
grades of piebaldness. Female on upper left is P-0; female on lower right is P-10. 


Fic. 3—Backs of same animals as in fig. 2. All are in same relative positions 
in both photographs. 
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TABLE 2.—Bopy WEIGHTS 
Mean weights in grams 














Normal males Piebald males Normal females | Piebald females 
Age 
in 
Weeks No. Mean No. Mean No. Mean No. Mean 
Wts. Wt. Wts. Wt. Wts. Wt. Wts. Wt. 
2 27 | 20.48 13 | 20.69 13.4. A077 12 17.50 
. 27 27.59 28 22.82 17 25.59 21 20.05 
Yaa. 38 | 37.74 37 | 28.27 45 | 35.38 28 27.71 
ete 46 | 45.39 46 | 35.28 47 | 39.02 30 33.33 
OGRA 31 | 52.77 49 | 44.72 35 | 52.43 27 44.93 
45 6ehaks 26 64.39 52 53.60 36 64.00 29 53.69 
_ sen: 36 71.50 45 56.01 44 70.95 32 53.84 
Os sieas 33 72.36 53 59.84 27 73.30 40 58.30 
Oech 30 | 76.43 50 | 62.72 17 | 76.65 26 61.00 
ere 22 | 78.90 36 | 63.88 13 | 80.07 20 66.50 
| Pag 20 81.50 28 66.07 13 87.07 17 68.82 
7? 13 | 80.92 19 | 65.31 10 | 90.10 16 65.81 
pS Pienaar 11 85.54 9 70.44 8 99.00 10 72.81 
) eae ae 14 86.21 16 68 .00 9 98 .33 13 72.84 
ee ene 10 80.50 15 73.06 8 99.62 10 71.80 
y pega et 4| 86.75 11 | 78.81 3 | 92.33 8 73.12 
Lt RR Ra 12 81.25 15 74.60 8 96.25 10 74.70 
2 4| 87.50 14 | 77.23 2) 90.50 6 84.66 
area 91.57 13 | 79.46 3 | 97.00 6 82.50 
21-60...5. 055 114 98 .05 235 84.70 50 92.45 118 89.38 
































tently heavier body weight than did 
piebald animals (fig. 1), as indicated 
by mean weekly weights of total 
number of normal animals compared 
to mean weekly weights of total 
number of piebald animals. The 
difference in the mean weights of the 
two groups for the period of 58 
weeks was 12.13 grams. The greater 
body weight of normals becomes ap- 
parent when the animals are about 
3 weeks old and the difference in 
weight between normals and pie- 
balds gradually increases until they 
reach the age of 14 to 15 weeks. Ap- 
parently it is at the approximate age 
of 15 weeks that the hamster begins 
to reach its adult weight, since from 
that time on no great increase in 
weight is evident. 

The weight difference between pie- 
balds and normals remains more or 
less constant after the animals reach 
their adult weights. While the 


weight attained at 20 weeks remains 


somewhat stable, the piebald and 
normal females show little weight 
difference as adults. The weight 
difference between normals and pie- 
balds is accounted for by the weights 
of the males of the two groups 
(table 2). Of the 4 groups of ham- 
sters, normal males, normal females, 
piebald, males, and piebald females, 
the normal males are heaviest while 
piebald males weigh the least. 

Litter sizes and litter mortality. — 
In the hamster fewer young are born 
to piebald mothers than to normal 
mothers. When litters are produced 
from matings of normal males with 
normal females the litters are larger 
(mean litter size of 6.69), and more 
of the young survive (4.81). If 
either or both parents are piebald 
there are fewer young in a litter 
(4.76), and the mortality of the 
young is higher (2.72 surviving). 
Litter size and mortality are given in 
table 3. 
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TABLE 3.—LiTTeER SIZE AND LITTER MorTALITY 

















Total | Young per| Young per} Total Percent 

No. of | Young Litter Litter Young Young 

Litters | Born Born Surviving | Surviving | Surviving 
Normal male X 
Normal female....... 62 415 6.69 4.81 300 72.29 
Normal male X 
Piebald female....... 8 50 6.25 3.50 50 56.00 
Normal female X 
Piebald male......... 35 191 5.46 3.63 127 66.49 
Piebald male X 
Piebald female. ...... 50 202 4.04 1.96 98 48 .52 
Normal female X 
Piebald male......... 
Normal male X 
Piebald female. ...... 93 443 4.76 2.72 253 57.12 
Piebald female X 
Piebald male ........ 
aes —* 
Pie emale....... 
Mevennl female X 43 241 5.60 3.14 135 56.01 
Piebald male......... 
Entire Colony........ 155 858 5.54 3.57 553 | 64.44 























The young from piebald parents 
are smaller and weaker than normal 


yyoung and as a result the mother 


animals, whether normal or piebald, 
are prone to destroy them. In addi- 
tion to this factor, piebald mothers 
are more nervous and do not care for 
their young as well as normal moth- 
ers. The young of piebald mothers 
are more likely to starve and die 
from neglect. 

Reproductive tract abnormalities. 
—In piebald animals a condition of 
either partial or total sterility may 
exist, especially in females. No de- 
tailed study has been made of the 
cause of sterility in the male piebald 
animals, but in the case of one male, 
graded P-10, who was mated num- 
erous times to both piebald and 
normal females, no young were born. 
Cases of non-fertile matings are 
more common among piebald ani- 
mals than in normals. Such non- 
fertile matings may be due to a con- 





dition of sterility in the male, the 
female, or both. 

In a group of 42 piebald females 
that were sacrificed the reproductive 
tracts of 7 were abnormal. Among 
normal females, one with an abnorm- 
al reproductive tract was found in a 
total of 165 females sacrificed. The 
abnormalities observed were in the 
horns of the uteri. Of the 7 piebald 
females with abnormal tracts, 4 had 
no left uterine horn, one had a right 
uterine horn missing, and one had 
no uterine horns. In one instance 
the right horn was absent, but the 
left horn had been pulled across the 
body cavity and attached near the 
right ovary. Two of the 7 females 
had no left kidneys. In the normal 
female the left uterine horn was 
absent. In all of these cases the 
ovaries, fallopian tubes, and lower 
portions of the reproductive tracts 
appeared intact. 

All females with reproductive 
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tract abnormalities had at some time 
been in estrus, exhibited the usual 
sexual behavior, and had copulated. 
Each had mated at least twice and 
some as many as 6 times. In only 
one case were young known to have 
been born and that female had a 
record of four matings, three of 
which had been non-fertile. After 
the fourth mating she gave birth to 
a single animal. After the mother 
animal had been sacrificed it was 
found that she had only one uterine 
horn, the right. 

The investigation of these repro- 
ductive tract abnormalities is incom- 
plete and more detailed study is in 
progress. 


Discussion 


Coat-color changes in hamsters 
(Cricetus auratus) similar to the one 
described in this paper have oc- 
curred in other hamster colonies in 
this country. Dr. Margaret Ward 
Orsini, in a recent personal commu- 
nication, stated that piebald animals 
which appeared in her colony and 
were then inbred for several genera- 
tions, developed a greater degree of 
whiteness than have these animals 
in the colony here. Hayner (1949) 
reported a white-faced hamster mu- 
tant appearing among the animals in 
his hamstery. As far as is known 
no studies of the genetics of this pie- 
bald mutation in the hamster have 
appeared in the literature. 

Data presented in this paper sug- 
gest that there are certain morpho- 
logical variations and possible dif- 
ferences in maternal behavior be- 
tween piebald and normal hamsters 
which may be related to the coat- 
color modification of the piebald ani- 
mals. Keeler (1947a) has advanced 
the hypothesis that such differences, 
in many mammalian forms, are due 


to a relationship between a mutant 
coat-color gene and its correlated 
modifications of morphology, phy- 
siology, and behavior. Even though 
results obtained from these studies 
of the piebald mutant suggest that 
there is such a relationship, no defi- 
nite statement should be made until 
the geneties of this strain of ham- 
sters is more fully understood and 
other studies completed. 

Results presented here for the 
normal hamster vary little from 
those reported by Bond (1945). 
Body weights of normal animals in 
this colony show a slightly higher 
mean body weight up to the time the 
animals are 100 days of age. After 
that age the weights are approxi- 
mately the same as those given by 
Bond, with normal males being 
heavier than normal females. 

Bond found that the mean litter 
size in her colony was 6.93, as com- 


pared to a mean litter size of 6.69, 


reported here. 


SUMMARY 


1. Normal hamsters (grades P-0 
to P-2) show a greater body weight 
than do piebald hamsters (grades 
P-3 to P-10). 

2. The sex ratio is 1:1 among 
normal and piebald animals. 

3. Normal hamsters have larger 
litters than do piebald hamsters, and 
more young survive in litters pro- 
duced by normal animals. 

4. Reproductive tract abnormali- 
ties occur more frequently in pie- 
bald females. 

5. The differences in morphology 
and behavior of piebald hamsters 
may have a relationship to the mu- 
tant gene or genes producing the 
coat-color change. 


6. Those animals considered 
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normals in this study have body 
weights and young per litter similar 


to those given for a different ham- 
ster colony. 
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PROBLEMS IN THE BIONOMICS OF THE SQUASH BUG, 
ANASA TRISTIS (DeGEER) (COREIDAE, HEMIPTERA) 


W. V. BALDUF* 
University of Illinois, Urbana 


Although numerous articles have 
been published on the squash bug, 
the bulk of the material concerns 
methods of control, and many ques- 
tions in the area of its bionomics 
have either remained untouched or 
received insufficient consideration. 
The squash bug has several charac- 
teristics that favor it for observation 
and experimentation: (1) it is large 
—about 5% inch in length; (2) it is 
common; (3) the sexes are readily 
distinguished ; (4) all the stages are 
passed in full view above ground 
and can be reared in captivity ; and 
(5) while capable of flight, the 
adults tend to remain on foot if food 
is adequate and the temperature 
moderate. In view of its suitability 
for research, a brief summary of its 
essential bionomics is desirable. 

The squash bug appears to confine 
its feeding to members of the family 
Cucurbitaceae, favoring certain 
varieties of squash and pumpkin. 
The coppery brown eggs are attach- 
ed in loose groups to the underside 
of leaves, and the five instars of 
greyish nymphs and the brown 
adults appear on foliage and vines 
during the growing season. When 
frost kills the leaves, both nymphs 
and adults may accumulate, some- 
times in large numbers, on the cu- 
eurbit fruits left in garden or field 
after harvest. The nymphs, while 
small, tend to remain congregated 
about the site of the eggs, but they 
become isolated as they grow larger. 


* Of the Entomological Laboratories of the Uni- 
versity of Illinois. 


Only the unmated adults live 
through the winter, sheltered under 
rubbish, boards, stone piles, and 
similar cover. In the northern states, 
the wintered adults return to cucur- 
bits in June, mate and deposit eggs 
largely in June and July. The 
nymphs grow through their five 
stages from midsummer to October, 
the old adults die by the late sum- 
mer and the number of new adults 
inereases from July to October. In 
this latitude and northward, there 
appears to be only one generation a 
year. The eggs are subject to attack 
by minute endoparasitic Hymenop- 
tera of the families Scelionidae and 
Encyrtidae while the larva of a 
tachinid fly, Trichopoda pennipes 
Fabr., inhabits and destroys both 
the adults and nymphs (Beard). 


NoTEs ON PROBLEMS 


Sex ratio—While observing the 
behavior of confined squash bugs, 
Girault found that males mated re- 
peatedly and with different females. 
From this polygamy, he inferred 
that the males are numerically in- 
ferior to the females. However, this 
inference is shown by the data cited 
below to be incorrect. In his study 
in Connecticut, Beard collected 1000 
adults in August and September, 
1935, which ‘‘showed 449 males and 
501 females, indicating that the new- 
ly matured bugs have a sex ratio of 
5. . . . Tabulations made during 
June and July, 1936, of 1430 over- 
wintered bugs, gathered at random 





TABLE 1.—LENGTHS, AND SEx RAtTiIos oF Anasa tristis 
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in the field, included 653 males and 
677 females, the difference being of 
no significance as tested by the Chi- 
square.’’ 

In the fall of 1942, I discovered a 
fine population of nymphs and 
adults in a one-eighth acre of squash 
and pumpkin at Urbana, and used 
it to secure data on the relative num- 
bers of the sexes. Nine separate col- 
lections were made, at times stated 
in the accompanying table, in the 
period October 6 to November 6. 
The numbers taken per day do not 
represent the total bugs then pres- 
ent, but reflect merely the intensity 
and duration of the periodic 
searches. However, all but a very 
few of the individuals that consti- 
tuted the population were, I believe, 
secured by November 6. And be- 
cause the bugs showed no inclination 
to fly when pursued, no significant 
part of the population was omitted 
through emigration, nor the number 
present supplemented significantly, 
if at all, by immigration from other 
areas. Only the obviously more ma- 
ture dark-brown adults were taken 
on any date, to avoid prejudicing the 
measuring of lengths by the inclu- 
sion of smaller, newly molted unfed 
individuals. 

The daily lots were assembled 
alive in a_ ventilated half-gallon 
fruit jar, the cover having a hole 
just large enough to receive a bug 
inserted lengthwise, in order to pre- 
vent escape. After asphyxiation 
in ether, the individuals were segre- 
gated as to sex and a sample of each 
sex measured. The ventro-caudal 
area of the male abdomen is trans- 
versely convex and entire, excepting 
a small median genital ‘‘button,’’ 
while that of the female tends to be 
flat and is subdivided into small 
genital sclerites. 

Reference to the table will reveal 


that 51.79 percent of the 6339 bugs 
that made up the collections were 
males and 48.21 percent were fe- 
males. It seems likely that each sex 
would be found to constitute 50 per- 
cent of the population or species if 
much larger samples were taken over 
a succession of years and from a 
number of separate fields. The vari- 
ations in the percentages of males 
and females taken on the 9 dates are 
probably to be attributed to chance, 
and do not indicate an actual or 
normal fluctuation in numerical pre- 
ponderance of one sex over the other. 
Moreover, Beard found no evidence 
to indicate a differential mortality 
that alters the 50-50 ratio of the 
sexes throughout the year. 

The females of this sample ex- 
ceeded the males in length of body 
by 1.39 mm. The 567 females meas- 
ured averaged 14.53 mm., the 544 
males averaged 13.14 mm. in length. 
The largest female measured 16.6 


mm., the smallest 12.5, while the 
largest male had a length of 15.2, 


mm., the smallest 10.8 mm. More- 
over, the size of both males and fe- 
males lessened perceptibly and some- 
what gradually as the period of col- 
lecting progressed. Since nymphs 
were always purposely left in the 
field in order to permit them to be- 
come adults, it is probable that the 
later collections contained a high 
proportion of newly transformed 
adults. And because late-maturing 
individuals were obliged to feed on 
the old fruits, the leaves and vines 
having been killed by frost early in 
October, the phenomenon of dimin- 
ishing size appears to reflect an in- 
adequacy of food. Also the progres- 
sive shortening of the days and low- 
ering of temperatures as October 
progressed may have contributed to 
this reduction. 

The life cycle. — Gould, Beard, 
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Worthley, and Weed and Conradi 
report one generation in a year in 
Indiana, Connecticut, Massachu- 
setts, and New Hampshire, respect- 
ively. By inference, some writers 
suppose the squash bug completes 
one cycle annually also in other 
northern states, but this point needs 
to be checked by studies in the field. 
Moreover, this bug has two genera- 
tions per year in Missouri (Hase- 
man) and three in southern Kansas 
(Wadley), and may produce even 
more cycles still farther south. Such 
additional cycles, are, it appears, 
commonly presumed to result from 
the higher average temperatures pre- 
vailing at more southerly latitudes. 
However, these supernumerary cy- 
cles may be even more directly as- 
sociated with the long occurrence of 
succulent growing cucurbit tissues 
that is made possible by the pro- 
tracted warm period. 


Diapause.—New adult squash bugs 
develop as early as July in .the 
northern states. Although they ex- 
ist at temperatures favorable to re- 
production from July to September, 
they are known not to mate and pro- 
duce eggs until the subsequent sum- 
mer. Such failure to advance the 
life cycle at summer temperatures is 
a characteristic of diapause. The 
problem here concerns the identity 
of the presumed non-climatiec factor 
that inhibits sexual activity in July- 
September, and limits the squash 
bug to one generation in the north. 
Some studies on diapausing insects 
point to the low water content of 
drying or aging plants as the dia- 
pause-producing factor. It is said 
to lower the water content in the 
insect. This suggests that nymphs 
and adults fed only on succulent 
seedling cucurbits may not be sub- 
ject to a diapause. Simple laboratory 


tests embodying this suggestion can 
probably be easily carried out. 

How cucurbits are injured.—Be- 
ing equipped with piercing-sucking 
mouthparts, Anasa tristis removes 
sap from its food plants. However, 
such mechanical removal of sap, in 
itself, seems inadequate to explain 
the sometimes extensive wilting, 
searing, and dying of cucurbit crops. 
Various writers have called atten- 
tion to this wilting, and Robinson 
and Richards (1930, 1931) state 
from their investigations that the 
wilt, for which they propose the 
name ‘‘ Anasa wilt of cucurbits,’’ is 
not caused by any parasitic form of 
bacterium, fungus, or virus. These 
and other observers suggest that the 
wilting results from a toxie sub- 
stanee injected by the bug while 
feeding. If so, the toxin is probably 
contained in the saliva, or salivary 
glands, and quantities of it might be 
analyzed by modern microchemical 
techniques and also injected artifi- 
cially into potted, disease-free cucur- 
bits to note whether it produces the 
symptoms of wilt as it occurs in the 
field. If the results prove to be posi- 
tive, the substance might be injected 
into non-cucurbit plants to note 
whether it has the power to produce 
wilt in these also. 


Why the preference for cucurbits? 
—The fact that the squash bug 
chooses cucurbits over numerous 
other plants present in its environ- 
ment, and moreover, prefers certain 
varieties of squash and pumpkin over 
other species and varieties of the 
family, indicates it is capable of 
making fine distinctions, presumably 
through a keen sense of smell resid- 
ing in the antennae or proboscis. 
This predilection also raises the 
question whether cucurbits contain 
a certain combination of nutrients 
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essential to the growth and repro- 
duction of the squash bug. Two ex- 
periments are indicated above. First, 
to find what organ is the seat of se- 
lective sense. Second, to find whether 
the squash bug can be induced to 
feed on non-cucurbit plants, e.g. soy- 
beans or corn grown in pots, when 
such plants are sprayed with ex- 
tracts or decoctions from favored 


varieties of squash and pumpkin. If 
nymphs can be reared and adults 
maintained on such plants, it would 
be of interest further to note the 
effects on size, vigor, rate of growth, 
and capacity for reproduction. It is 
conceivable that the species might 
fare better on some non-cucurbits 
than on the preferred varieties of its 
chosen family of food plants. 


REFERENCES 


Bearp, R. L., The biology of Anasa 
tristis DeGeer, with particular refer- 
ence to the Tachinid parasite, Tri- 
chopoda pennipes Fabr. Bul. Conn. 
Agr. Exp. Sta., 440, 593-679, 1940. 

GrrAvutt, A. A., Anasa tristis DeG. His- 
tory of confined adults; another egg 
parasite. Entomol. News, 15, 335- 
337, 1904. 

GouLp, Geo. E., Insect pests of cucurbits 
in Indiana. Proc. Ind. Acad. Sci., 53, 
167, 1944. 

HASELMAN, LEONARD, Controlling insect 
pests of melons, cucumbers and re- 
lated crops. Bul. Mo. A.E.S. 391, 9-12, 
1937. 


RicHarps, B. L. AND Rosinson, L. R., 
Western squash wilt, Proc. Utah Acad. 
Sci. 7, 58, 1930. 


Roginson, L. R. anp RicHArps, B. L., 
Anasa wilt of cucurbits, Phytopath- 
ology 21, 114, 1931. 


Wapn.tey, F. M., The squash bug, Jour. 
Econ. Entom. 13, 416-425, 1919. 


WEED, C. M. anp Conrapt, A. F., The 
squash bug, Bul. New Hamp. Agr. 
Exp. Sta. 89, 15-28, 1902. 


WorrtHiey, H. N., The squash bug in 
Massachusetts, Jour. Econ. Entom. 16, 
73-79, 1923. 





SOI 


the 


Fir 
sub 
die’ 
offe 
are 
can 
nur 
tray 
Wat 








Illinois Academy of Science Transactions, Vol. 43, 1950 249 


ECOLOGICAL NOTES ON THAN ATOPHILUS 
AMERICANA L. 


E. J. LONG, O. F. M. 
Quincy College, Quincy 


Thanatophilus americana L. is a 
carrion beetle of the family Silphi- 
dae, tribe Silphini, and subgenus 
Oiceoptoma Leach. This species is 
broadly oval and, like the rest of 
its tribe, strongly depressed. It is 
about five-eighths of an inch long. 
The prothorax is yellow with a cen- 
tral black area, and the rest of the 
body is black or brownish black. 
Blackburn (1936) describes the 
morphology of this beetle in detail, 
including the sexual dimorphism of 
the apices of the elytra. The campo- 
deiform larvae are entirely black, 
very active, have an amazing capac- 
ity for food, are cannibalistic when 
food is scarce. The larvae of -T. 
americana and related species have 
been described by Dorsey (1940). 

T. americana has some advantages 
as the subject of field and laboratory 
studies. First, it is abundant in sea- 
son and can be easily collected in 
baited traps. Second, the adults 
brought in from the field will live 
for long periods of time under suit- 
able laboratory conditions. Third, 
the adults will lay eggs in the labora- 
tory, the eggs can be hatched, and 
the young raised to the imago stage. 
Finally, Purina Lab Chow can be 
substituted for decaying meat as a 
diet for the beetle, thus eliminating 
offensive odors. The disadvantages 
are chiefly these: 7. americana 
cannot be collected, at least in large 
numbers, except by rather smelly 
traps ; it is available only during the 
Warmer months; it is a large beetle 


and thus experiments with large 
numbers require much space. 

In spite of these disadvantages, 
however, 7. americana seems to be 
well adapted to certain types of lab- 
oratory work. This paper is intend- 
ed to introduce T. americana to 
scientific society as a laboratory ani- 
mal of sorts. Although the collect- 
ing of this beetle still involves malo- 
dorous bait, the odor is mitigated 
by fresh, outdoor air. And since 
the objectionable odors of decaying 
flesh have been eliminated from the 
process of maintaining this beetle in 
the laboratory, T. americana’s debut 
may be moderately successful. 


CoLLectTING MetHops 


Cans sunken into the ground and 
baited with meat have probably been 
used from time immemorial for 
traps. But open cans are subject to 
the depredations of local carnivores, 
bait lying loose in the can quickly 
becomes messy, and rainwater may 
drown the trapped beetles. Certain 
precautions will avoid these mishaps. 
Cans with tight-fitting covers 
should be selected, preferably gallon 
paint cans, since the covers can be 
pried off easily after the cans have 
been sunk into the ground. A eross- 
shaped slit should be cut into the lid 
and the free ends of the triangles 
thus formed bent slightly inward. 
The jagged edges thus formed effect- 
ively prevent any purloining of the 
bait but do not interfere with the 
entry of the beetles. The bait should 
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be wrapped in gauze, tied with a 
string, and suspended from a heavy 
wire bar fastened across the diame- 
ter of the can near the top. If the 
bait is suspended with a bent paper 
clip, it ean be taken out of the trap 
easily while the catch is being re- 
moved. Finally, the can should be 
located so that rainwater will not 
drain into it and a sizable hole left 
under it into which water can drain 
from holes punched through the bot- 
tom of the can. When these precau- 
tions are observed, ground traps 
prove to be very successful. The 
disadvantages are chiefly the immo- 
bility of the traps and the inconven- 
ience of removing the beetles with 
the hand or long forceps. 

More elaborate hanging traps can 
be constructed which eliminate the 
necessity of digging holes in the 
ground, and which ean easily be 
moved from place to place. This pro- 
vides for easy renewal of the bait, 
and the beetles can be removed mere- 
ly by serewing off a glass jar and 
dumping them into a container. A 
plan for such a trap has been pub- 
lished by the Chicago Museum of 
Natural History. A modification of 
this trap was constructed by a local 
sheet metal shop in Quincy. Wide- 
mouth, self-sealing fruit jars were 
used. The center of the cap is dis- 
earded, leaving a metal ring which 
will serew onto either a quart or 
pint jar. The metal rims were sol- 
dered to a galvanized metal funnel. 
Three baffles were soldered to the 
funnel and screwed to a conical 
metal roof. A wire cloth capsule for 
the bait can be inserted easily into 
the central area of the baffles. This 
trap has been quite successful. A 
study of the relative efficiency of the 
ground and hanging traps and the 
effect of height will be undertaken 
during the coming summer. 
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Decaying fish has been used very 
successfully in the past as a bait in 
both ground and hanging traps, but 
there is a tendency for the bait to 
dry instead of putrifying in the 
hanging traps. Plans for testing 
chemical attractants are being made, 
since a constant lure would be in- 
valuable in field studies. Dethier 
(1947) mentions some attractants 
for the Nicrophorini but none for 
the Silphini, except those generally 
attracting this type of insect. 


HABITAT 


In the Quincy area, 7. americana 
has been trapped in_ sparsely 
wooded, humid bottomland and 
along upland streams in wooded 
areas which remain moist during the 
summer. In this area, however, it is 
impossible to study habitats of fly- 
ing insects accurately by trapping, 
since open fields, scantily wooded 
areas, and dense woods are inter- 
spersed and no type of habitat is, 
very extensive. 

During July 1947, eighteen days 
of trapping in the Chicago area 
yielded interesting results. Traps 
were placed in a parkland area near 
a stagnant pond, in oak forest, and 
in prairie. In the dunes area several 
traps were scattered through the 
black oak, cottonwoods, and fore- 
dunes. Each of these areas was 
very extensive, covering many 
square miles. Thus the catch gives 
some indication of the species 
present. The parkland traps yield- 
ed 460 T. americana, the prairie 
traps only one pair, and the traps in 
the oak forest one single specimen. 
T. americana was not found in the 
dunes area. These collections seem 
to indicate that T. americana is a 
parkland species, inhabiting open 
woods or semi-denuded areas where 
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water is available. It is absent from 
other environments, at least during 
the summer. At Quincey it has been 
collected from similar areas. 

T. laponica was the only species 
present on the prairie in numbers 
and thus seems to be a prairie spe- 
cies, having been collected from no 
other area. It has not been taken in 
the Quincey area, a fact in favor of 
its being a native of the prairie. 7. 
inaequalis was abundant in the for- 
est of oak on upland areas and show- 
ed up in the black oak forest in the 
dunes area. TJ. noveboracensis was 
not notably abundant anywhere, but 
27 specimens were taken in forest 
traps. Observations indicate that 
this species breeds early in spring. 
Recently, April 15, 1950, breeding 
individuals were observed on a car- 
eass in upland woods, and shortly 
afterwards hundreds of larvae ap- 
peared. In the spring of 1947 traps 
were visited almost daily from April 
8 to May 29. 7. americana appeared 
later than the other species and 
was not taken at all or only in 
small numbers when the night tem- 
perature fell below about 50°F. 
Seasonal studies might show an in- 
teresting avoidance of competition 
between these species in terms of 
habitats and breeding seasons. 


HusBANDRY 


Laboratory observations and ex- 
periments have indicated the needs 
of T. americana for survival under 
domestication. Adult beetles will 
live for long periods of time in any 
type of container if provided with 
food and water. The bottom of the 
container should be covered with ab- 
sorbent paper or soil. Water may 
be furnished in small glass dishes. 
Pieces of gauze or paper should be 
placed in the dishes so that the 


beetles can escape drowning by 
climbing out after falling or crawl- 
ing into the dishes. Meat (cooked or 
raw), fish, and Purina Lab Chow 
have been used successfully for food. 
For life history studies, paired 
adults may be kept in wide-mouth 
fruit jars and covered with the origi- 
nal caps in which screen has been 
substituted for the removable center. 
Moist soil, water, and food must be 
provided. The lack of any of these 
items will stop egg production. The 
eggs are deposited in the moist soil 
in cavities excavated as the beetles 
burrow through the soil. The neces- 
sity of using moist soil usually ex- 
cludes sifting for the eggs since most 
available soils do not sift well when 
moist. The eggs can be recovered by 
searching through the soil with 
brush and section lifter. 

The eggs are large and cream- 
colored and enclosed in a pliable but 
tough outer cover. They will hatch 
successfully if placed in petri dishes 
on moist pieces of paper towel. The 
eggs quickly swell to about twice the 
size ofa newly laid egg. If they 
are not kept moist they quickly dry 
and shrivel up. In this connection 
it is interesting to note that the adult 
beetles will not oviposit in dry soil, 
as shown by an experiment involv- 
ing about four dozen pairs of T. 
americana. All of 409 eggs, laid 
over a period of two weeks, were laid 
in moist soil, although dry soil was 
equally available and convenient. 

The larvae can also be maintained 
in petri dishes, but a wad of wet 
gauze to supply water and food must 
be added. During the third instar 
the larvae eat for the first few days 
and then become extremely restless 
unless placed in a container of moist 
soil where they hollow out a cell with- 
in which they pupate. The soil must 
be kept moist in order to insure suc- 
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cessful pupation and ecdysis. This 
latter point has the support of ex- 
perimental evidence. Of a total of 
56 third instar larvae which were 
ready to construct their earthen cell, 
27 were placed in moist containers 
and 29 in dry containers. Of the 27 
in moist containers, 24 pupated, 21 
reached the adult stage. Of the 29 
individuals placed in dry containers, 
6 pupated and 2 reached the adult 
stage. Thus 77.8% pupated success- 
fully in moist containers and only 
6.9% in dry containers. 


Lire CYcLe 


The eggs hatch in from one to 
four days, the mean time necessary 
being about three and a half days. 
The time spent in the first instar 
varies from less than one day to 
about three and a half days. The 
mean time is slightly less than two 
days. The second instar is very 
similar in length to the first. The 
third instar is the longest stage in 
the development of this beetle. It 
varies in length from about 8 days to 
14 days, the mean being about 11 
days. The third instar larvae are 
very active for a few days, feeding 
and then constructing their earthen 
eell. A few days after the cell is 
complete, they turn over on their 
backs and become immobile, except 
for twitching the abdomen. The 
pupal stage varies in length from 
8 to 13 days, the mean time required 
being about 8 days. The pupae are 
extremely sensitive to light and me- 
chanical stimulation of any kind. 


Towards the end of the pupal stage 
they are less sensitive but still react 
easily to slight jarring and strong 
light. Hence it is difficult to exam- 
ine them closely while alive. The 
pupae are almost pure white at first 
but soon develop a light brown col- 
oration on spines, appendages, and 
peripheral areas. The adult beetles 
are very light in color at first. The 
elytra are a semi-transparent white 
whereas the body is a light brown. 
Full coloration is developed after 
two or three days. The mean length 
of time from egg to adult is about 
26 days and varies from 25 to 27. 
These studies of the life cycle were 
carried out at a constant tempera- 
ture of 25°C. They will be describ- 
ed in greater detail in another 
paper. 
DISCUSSION 
The study of the complete ecology 


of T. americana and its relatives 
promises to reveal interesting inter” 


specific adjustments. 7. americana, 


and probably also other species can 
be used in the laboratory for the 
study of the effect of temperature 
and food on the rate of development. 
Since this beetle will eat and do well 
on an artificial diet its nutritional 
requirements can be studied in de- 
tail. The adults are not overly sen- 
sitive to handling and thus make 
good subjects for behavior studies. 
Exploratory work along this latter 
line has been done. It must be said, 
however, that the usefulness of 7. 
americana as a laboratory animal is 
still to be proved. 
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THE OCCURRENCE OF ENTEROBIUS VERMICULARIS 
OVA IN DUST FROM HOMES AND PUBLIC BUILDINGS 


WAYNE W. WANTLAND, MARY HO, MILDRED M. CARMICHAEL anp 
CLIFFORD STORM 


Illinois Wesleyan University, Bloomington 


In recent studies, a theory has 
been proposed concerning the occur- 
rence of ova of the pinworm Entero- 
bius vermicularis in household dust. 
Lentze (1935) showed that eggs 
were liberated into the air when 
sheets and clothing contaminated 
with them were shaken, and sug- 
gested that the ova might be inhaled 
to produce infection. In studies by 
Noland and Reardon (1939) (see 
table 1) and Schuffner and. Swellen- 
grebel (1944), ova were found in 
dust at all levels of rooms examined, 
on the floor, upholstery, light fix- 
tures, and on the moulding of doors 
and windows. The conclusion drawn 
from their experiments was that vi- 
able ova may be present in the air 
throughout an infected household 
and that the possibility of reinfec- 
tion by inhalation of the ova must 
be considered in prophylaxis and in 
the therapy of individuals in such 
households. Our investigation was 
made to check further this possibil- 
ity and to ascertain the occurrence 
of Enterobius vermicularis ova in 
the dust of institutions and homes 
in the Bloomington-Normal, Illinois, 
area. 

In the study by Noland and Rear- 
don (1939) of the incidence of En- 
terobius vermicularis in persons re- 
siding in or near Washington, D. C., 
the method of procedure consisted of 
collecting dust samples from various 
parts of the houses studied and sub- 
Sequent microscopic examination. 
Pinworm ova were demonstrated in 


221 of 241 samples studied (91.7 
pereent). Schuffner and Swellen- 
grebel (1944) found enormous quan- 
tities of pinworm eggs on two-meter 
high window seats of school lava- 
tories, in schoolrooms and in dining 
rooms where children stayed only for 
short periods. 


In the work here reported 3 house- 
holds and 24 public buildings were 
examined (see table 2). The 3 
homes consisted of families with 
children. Two of them were not 
clean according to cleanliness stan- 
dards. In the third home, the entire 
family was being treated for pin- 
worm infection. Twenty-two samples 
of dust were obtained from these 
homes. Of the three samples of dust 
from the home where infection was 
known to be present, two positive 
findings were obtained. The 19 
samples from the other two homes 
were all negative. A 9.09 percent 
positive finding resulted from exam- 
ination of the 22 dust samples from 
the three homes. 

The public institutions examined 
included: 8 schools, 2 orphanages, 
a children’s ward in a hospital, 3 
theaters, 4 hotels, 2 cafes, and 4 
other public buildings. A total of 
149 samples of dust were obtained 
from these buildings. Of these, 101 
were from the orphanages. Only 
samples taken from the dormitories 
and restrooms of the orphanages 
gave positive results. An 8.1 per- 
cent positive finding for public in- 
stitutions and a 11.8 percent positive 
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TABLE 1.—COMPARISON OF INCIDENCE OF Enterobius vermicularis Ova IN HOUSEHOLD 
Dust OF WASHINGTON, D. C., AND BLOOMINGTON-NORMAL, ILLINOIS, AREA. 








Washington, D. C. 


Bloomington-Normal 
(Nolan & Reardon) 


Illinois Area 
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finding for Bloomington-Normal or- 
phanages was obtained. 

Most samples from the three 
homes and the two orphanages were 
taken from bedrooms or dormitories. 
A few were taken from the toilet 
rooms. Samples were taken from all 
levels of the rooms, especially the 
framework of beds and places where 
linen and bed clothing were shaken 
out, and where night clothing and 
undergarments were located. In 
the toilet rooms, dust samples were 
taken from seats, ledges around the 
toilet, and the floor. It seems signi- 
ficant that ova were found in only 
one instance near the floor. They 
were usually found at levels of from 
two to five feet from the floor. 


Two methods of dust sampling 
and study were employed: (a) the 
deep-well slide method as described 
by Noland and Reardon, and (b) 
the seotch-tape method as used by 
Schuffner and Swellengrebel for 
anal smears. The deep-well method 
consisted of the collection of dust 
samples with a small camel’s hair 
brush which had been inserted into 
a perforated rubber stopper and 
fitted into a test tube. The brush 
was moistened with water, passed’ 
over a surface, replaced in the test, 
tube, and brought back to the lab- 
oratory for examination. The exam- 
ination consisted of dipping the 
brush into a few minums of deci- 
normal sodium hydroxide solution 


TABLE 2.—THE INCIDENCE Or Enterobius vermicularis OvA IN Dust OF PUBLIC 
BUILDINGS IN BLOOMINGTON-NORMAL, ILLINOIS, AREA. 














; No. of No. of 
Public Buildings Areas Studied Samples | Positives | Percent 

1. Whole ti Cloak Rooms 

Rest Rooms 23 0 0 

Halls 
DPR 5s Boa xe x ace Childrens Ward 8 0 0 
3. Orphanages..........:.. Dormitories 

Toilet Rooms 101 12 11.8 
hat PER eee Auditorium 

Rest Rooms 3 0 0 
5. Other Public Buildings. ...|Conjested Areas 14 0 0 

is os ees See ate 6 RAE Sita ee ee 149 12 8.1 

















\ 











it 





Entehobius Vermicularis Ova in Dust 255 


on a deep-well slide and study of 
contents under a compound micro- 
scope. The ova having a lower den- 
sity than that of the decinormal 
sodium hydroxide solution tended 
to float to the. top. A few drops of 
the solution placed at the hilt of the 
brush and allowed to flow across it 
on to the slide seemed to be most 
effective as a means of cleansing the 
brush of the dust deposits. Each 
dust sample was examined three 
times. No attempt was made to de- 
termine the total number of ova 
present in any sample. In the scotch- 
tape method, a one and one-half inch 
strip of tape was placed over a sur- 
face and then carefully transferred 
to a clean slide. The slide was then 
examined under a compound micro- 
seope for ova. 


Enterobius vermicularis ova were 
found in all stages of development 
from those of clear formative proto- 
plasm with many vacuoles to full- 
grown embryos. Many of the em- 
bryos were in a partially disintegrat- 
ed condition and their viability ques- 
tionable. The eggs were clear and 
plain and were easily identified 
without staining. They measured 
from 50 to 60 microns by 20 to 30 
microns and in general, were flat on 
one side with a distinct membran- 
ous covering. 


The evidence from this study indi- 
cates that ova of the internal para- 
site, Enterobius vermicularis, are 
carried by air currents and may be 
inhaled, and thus be a source of in- 
fection and reinfection. 
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THE INCIDENCE OF ENDAMOEBA GINGIVALIS IN A 
CENTRAL ILLINOIS COMMUNITY 


WAYNE W. WANTLAND, SEIJI NAKADA anp HUBERT ENGEL 
Illinois Wesleyan University, Bloomington 


It was believed at one time that 
Endamoeba gingivalis was the causa- 
tive organism of, or at least associat- 
ed with, the condition known as py- 
orrhea. With the work of Dobell 
(1919), Craig (1926), and others 
who denied this claim, the organism 
has more recently been given a posi- 
tion of less importance as an etio- 
logie factor in oral cavity disease. 
Investigators have repeatedly ob- 
served this protozoan in the mouths 
of humans, particularly at the base 
of the teeth. The present study was 
made on a group of dental patients 
(1) to supply further data relative 
to the occurrence of this organism 
in man and (2) to note further its 
relationship to different conditions 
of oral hygiene in persons of vary- 
ing age levels. 

According to Kofoid (1929) at 
least 75 percent of persons over for- 
ty harbor the organism Endamoeba 
gingwalis. The incidence of this 
organism found by L. W. Ritchie 
(1932) in the Chicago area ran as 
high as 80 percent in older age 
groups. Samples for the present 
study were obtained from 110 pa- 
tients with the cooperation of a 
practicing dentist’ in the city of 
Bloomington. Of the 110 samples 
examined, the following percentages 
of infection were obtained: Adults, 
41.8 percent ; teen-age, 11.1 percent ; 
and children, 13.3 percent. The in- 
cidence of Endamoeba gingivalis in 
different types of mouths was: 100 


1 We are indebted to Dr. D. L. Winquist for his 
cooperation in providing us with samples for study. 


percent in pyorrhea mouths, 78.3 
percent in dirty mouths,*? and 25.8 
percent in mouths that showed evi- 
dence of good daily oral hygiene. 
The dentist was supplied with sterile 
cotton swabs, and scrapings were 
taken from the spaces between the 
teeth, around the region of the gum, 
and pyorrhetic absesses. The condi- 
tion of the mouth was classified as 
clean, dirty, or pyorrhetic. The pa- 
tients were divided further into 
child, teen-age, and adult groups. 
Since the examination of the scrap- 
ings could not always be undertaken 
immediately, the swabs were placed 
in small vials containing 114 ee. of 
0.85 percent physiological saline so-, 
lution. To insure against change of 
temperature the vials were kept in* 
an incubator at body temperature. 
In most cases examinations were 
made from 3 to 24 hours after the 
specimens were collected. Most active 
forms of the organism were found 
when the examination was made 
within 12 hours after the sample was 
obtained. In one instance a very 
active organism was found after the 
specimen had been in the incubator 
for 72 hours. 

In the microscopic examination of 
the samples, oil immersion was used. 
The slides as well as the cover slips 
were placed in the ineubator to pre- 
vent sudden shock due to changes of 
temperature. The swabs were taken 
from the vials and smeared on slides. 

The size of active organisms var- 


2 Mouths which indicated poor daily oral hy- 
gienic care—decaying food particles between teeth; 
yellow film deposits and stains on teeth. 
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TABLE 1.—INCIDENCE oF Endamoeba gingivalis Founp 1x Tris Strupy or THE BLoom- 
INGTON, ILLINOIS, AREA AND Ritcuie’s FINDING oF THIS ORGANISM 
IN CHIcaco, ILLINOIs. 




































































| Percentage Ritch- 
Age Group | No. Sex Pyorrhea! Dirty | Clean in Age Age | ie’s 
oxam Group | % 
Pos. | eb9 50 and) 83.4 
Male ——__|—_—_— —|——— over 
Neg. 2 23 SOOT yest 
[41-50 89.9 
Adults......| 86 Pos il 8 41.8 |31-40 | 80.7 
Female —$ ——- ss | —|----——— 
Neg 2 23 21-30 72.8 
Pos. 1 
| Male —_|—-—— 
Neg. 5 
Teen-age. . .| 9 ————-|- -— 11.1 |16-20 | 50 
Pos. 0 
Female |———|— —_—— —|———| 
Neg. | 3. 
Pos. 1 | 1 
Male |} --—— 
Children....| 15 Neg. | 1} 5] 13.3 | &15 | 46.5 
| Pos Se 
Female |———|— I 
| Neg. | 6 | 
Percentage in type of mouth........| 100 | 78.3 | 25.8 | | 
| e | 











ied from 12 to 37 microns. The size 
may double in a matter of minutes 
and the shape varies constantly, at 
times being just an amorphous mass. 
The inactive organisms measured on 
the average 17 microns. 

In appearance the endoplasm is 
usually crowded with food particles 
and granular material which seems 
to float in the center of fluid ecavi- 
ties. The ectoplasm is erystal clear. 
The pseudopodia are rounded and 
blister-like and flow out in the diree- 
tion of movement, at times explo- 
sively and at other times very slow- 
ly. The granular endoplasm then 
flows into the transparent area. In 
active forms bacteria seem to adhere 
to the side opposite the pseudopodia, 
but in dead forms this adhesive force 
is lost. Bacteria Were also noticed 








within the cytoplasm. On the slides 
containing numerous organisms 
there were fewer free bacteria pres- 
ent. This gives support to the theory 
that the organism ingests bacteria. 
Active forms were fixed in Bouins’ 
solution, stained in haemotoxylin, 
and permanently mounted. 

Table 1 shows percentages of in- 
fection found in this study in differ- 
ent types of mouths, age groups, and 
sex groups with Ritchie’s findings 
listed for comparison. Since the 
patients studied represent a cross 
section of the area with respect to 
occupation as well as economic 
status, we feel that the data are 
highly indicative of the incidence of 
Endamoeba gingivalis in the mouths 
of persons in this central Illinois 
community. 
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A NEW METHOD FOR STAINING CELLS WITH 
COBALT AND BAL 


THEODORE N. TAHMISIAN anp AUSTIN M. BRUES 
Biology Division, Argonne National Laboratory, Chicago 


Cobaltous ions when used as a 
mordant form a colorless complex 
salt with the tissue constituents. 
The loci of cobalt complexes are ren- 
dered visible by developing them to 
a dark brown with BAL (2-3 mer- 
captopropanol).* Since a _ large 
amount of sulfur is present in the 
protoplasm and since cobalt has a 
high affinity for sulfur, we believe 
that the original complex formed 
when the tissue is mordanted in co- 
balt is a cobalt-sulfur complex. An- 
other reason for believing that a co- 
balt-sulfur complex is formed is that 
a tissue treated as though prepared 
for an —SH test renders a better 
color. : 
‘Compounds containing one —SH 
group do not form any color when 
cobalt is added unless the pH of the 
compound is 8.5 or higher. When 
a compound containing two or more 
—SH groups is added to cobalt a 
brown color is immediately obtained. 
H.S and cobalt form a black sulfide. 

This staining method is very use- 
ful for the fibrillar portions of the 
cytoplasm, especially for the stain- 
ing of the mitotic spindle and cen- 
trioles. We wish to state that this is 
not a method for testing for the pres- 
ence of —SH groups. 

Fixation of material with trichloro- 
acetic acid, 10 percent ; formalin, 10 
percent; Bouin’s solution; Flem- 
ming-Strong solution; Allen’s B-15 





* We are indebted to Hynson Wescott and Dun- 
ning, Inc., Baltimore, Maryland. 
1 Rapkine nitroprusside test for —SH groups. 
Techniques of Histo and Cytochemistry, Inter- 
“e Press, New York, 1949. 


solution; Allen’s B-20 solution; or 

Zenker’s solution gives good results 

when stained by the cobalt-BAL 

method. 

Blood for staining white cells is 
fixed in 100 percent alcohol 1 min- 
ute, dried quickly in air, and fixed in 
10 pereent trichloroacetic acid. The 
hot method of blood fixation by ig- 
niting the aleohol does not allow 
staining. 

The procedure in general is as 
follows : 

1. Fix and embed sections, mount 
material on slides (bleach if 
necessary with H,O, as in 
Flemming-Strong technique). 
Remove paraffin. 

Hydrate to H,O. 

Place in 5 percent Zn (Ac), 10 

minutes. 

Rinse 3 minutes. 

Place in 3 to 5 percent 

Co (NO,), or any other eobalt- 

ous salt from 30 minutes to 12 

hours. 

Wash 1 to 30 minutes in run- 

ning tap water. 

8. Place in 35 percent alcohol 
containing 0.5 percent 2-3 mer- 
ecaptopropanol. (Note: place 
the mercaptopropanol into 85 
or 95 percent alcohol, then di- 
lute to 35 percent aleohol and 
0.5 percent BAL.) 

9. Wash, dehydrate, clear, and 
mount. 


Hons 


oo 


I] 


If the material is placed alter- 
nately into cobalt and BAL, washing 
in water between cobalt and BAL 























260 Illinois Academy of Science Transactions 





Fic. 1.—Metaphase spindle, tissue culture, chic 
heart fibroblasts. 


Fic. 2.—Late anaphase, tissue culture, chick 
s heart fibroblasts. 


Fic. 3.—Late maturation division, grasshopper testis. 


Fic. 4.—White cells, human blood. 


and BAL and cobalt each time, the this technique. The pictures were 
stain is strengthened infinitely. made using a micro-ipso attachment 
Figures 1-4 are representative of and 35-mm film. 
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COLLEGIATE SECTION* 


THE STUDY OF CICATRIZATION IN PLANT TISSUES 


DOLORES BRESINGHAM 


Directed by Dimitri Sokoloff, Ph.D. 
Mundelein College, Chicago 


The purpose of this study was to 
observe the processes by means of 
which plants heal their wounds and 
protect the tissues in the vicinity of 
such wounds from harmful factors. 
The comparison was made of such 
processes in a small herbaceous land 
plant, Oxalis, and the water plant, 
Elodea. The leaves of the said 
plants were either cut with scissors 
or pierced with a needle so that the 
perforation passed entirely through 
the leaf. Then the operated leaves 
were cut off and fixed 10 minutes 
after the operation, 20 minutes, half 
an hour, one hour, two hours, and 
so on up to 24 hours, and then one 
day, two days, three days, and so on. 
The fixative used was almost exclu- 
sively acetic alcohol. However, in 
some cases the sublimate acetic was 
also used, as intended preparation to 
the Feulgen reaction. The stain 
used was exclusively the Harris 
Modification of Hematoxylin of 
Delafield. The leaves of both plants 
were thin enough to allow the total 
preparation, especially in the case 
of Elodea. In the ease of Ovzalis, 
which is less transparent, the method 
of microtome sections was sometimes 
used, the sections being prepared 
from 7 to 15 microns thick. These 
sections were also stained with 
Hematoxylin of Delafield, sometimes 
after sectioning, sometimes previous- 


*The second paper in the Collegiate Section 
chosen for publication, by the Committee was 
withdrawn too late for a replacement to be 
selected.—Editor. 


ly, staining the leaf in total and then 
preparing the sections. In all cases 
the stain was differentiated by means 
of aleohol acidulated with hydro- 
chloric acid (2 drops per 100 ee.). 

Another purpose of this study was 
to see if some kind of regeneration or 
new formation would take place at 
the operated points of the leaves as 
has been described in some cases, in 
Begonia and some other plants. Dur- 
ing these experiments, no regenera- 
tion took place either in Ovzalis 
or in Elodea, the process reducing 
itself to the formation of a protec- 
tive layer. This process proved to 
be completely different in the land 
plant and in the water plant. 

In the land plant, Ovalis,. from 
the biological standpoint, showed 
nothing but rapid dying away of the 
cells surrounding the wounds owing 
to the rapid loss of water because the 
epidermis was destroyed on both 
sides of the leaf. The cells thus ex- 
posed to drying rapidly shrank, the 
protoplasm condensing while the 
central vacuole containing the cellu- 
lar sap, and normally occupying the 
greater part of the cell, diminished 
and finally disappeared. The dimin- 
ishing of protoplasm in volume caus- 
ed the chlorophyll grains to be 
brought together and to become con- 
centrated. Then the cell became an 
irregular body containing the nu- 
cleus, which also began to shrink in 
its central portion, but no process of 
any kind took place in them. Finally, 








Fic. 1.—Partly schematized drawing of the perforated wound in a leaf of Oxalis. 
Fic. 2 —Schematized drawing of the preceding. 
Fics. 3. and 4.—Parenchyma celis of Oxalis at different stages of c 
to evaporation through the wound. 
Fic. 5.—Drawing of a portion of an incised edge of an Elodea leaf. 
Fic. 6.—Normal cell of Elodea. 


ontraction owing 


Fic. 7.—Elodea cell with part of membra 
Fic. 8.—Normal nucleus 0 

Fic. 9.—Beginning of 

Fig. 10.—Nucleus in advan 


f parenchyma cell of Elodea. 
degeneration of same. 
ced stage of degeneration. 


ne thickened because of contact with water. 
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the nucleus was completely crushed 
by the hardening protoplasm and 
the whole cell became a small irregu- 
lar clot. The adjacent cells, under- 
going a similar change, fused with it 
and all together formed a continuous 
layer of substance in which the in- 
dividual cells could no longer be 
distinguished. However, for some 
time the remainder of the nuclei 
were still seen in stained preparation 
as irregular granular masses. 

This layer of substance, mostly 
proteic in nature, was nothing but 
coagulated protoplasm, which also 
contained cellular walls and there- 
fore was partly cellulose. Then it 
dried up and formed a hard crust 
completely covering the surface of 
the wound. Nevertheless, this pro- 
tective layer seemed to be not quite 
adequate to stop the evaporation un- 
til it became thick enough. The 
whole process was very rapid, taking 
only 10 to 20 minutes. A few days 
following the operation, the protec- 
tive layer extended itself over a few 
more layers of cells which under- 
went the change described. Here 
the process stopped, because of the 
sufficient thickness of the protective 
layer which prevented the further 
evaporation of the water. 

Figure 1 is a drawing of the 
wound as it appeared in the leaf of 
Ozxalis when pierced with a thin 
needle. Figure 2 is a schematic rep- 
resentation of the same wound. The 
first layer of substance which can be 
seen surrounding the opening is 
simply a mass of cells crushed by the 
needle. Outside of this is a layer of 
cells which died because of the loss 
of water due to evaporation, and 
which form a_ protective layer. 
Adjacent to the latter layer appear 
the cells which have already shrunk 
but still can be distinguished indi- 
Vidually. Each nucleus is seen as an 


irregular stellate body in the center. 
The outside layer contains living 
cells not yet affected by the process. 
The formation of the first protective 
layer was exceedingly fast, taking 
place in 10 to 20 minutes; then the 
only change observed during an in- 
terval of time varying from several 
hours to several days was growth of 
the layer. No reproduction of the 
surrounding cells was observed nor 
any tendency toward the regenera- 
tion. 

As a_ conclusion it can _ be 
stated that the healing process of the 
wound in this small herbaceous 
plant is not biological in nature and 
cannot be termed as a true cicatriza- 
tion process because it is simply a 
physical. one consisting of loss of 
water due to evaporation through 
the wound, accompanied first by 
coagulation and then drying up of 
the protoplasm of the affected cells. 
However, the fact that these cells 
fused together allows the formation 
of a quite adequate protective crust 
which prevents further evaporation 
on one hand and on the other gives 
an adequate protection against the 
penetration of bacteria and fungi. 
The only biological phenomenon 
which takes place is of a necrotic 
nature. It is a rapid dying away of 
the cells directly or indirectly affect- 
ed by the lesion. The extreme rapid- 
ity of the formation of the protective 
layer permits a comparison of it to a 
certain degree with blood coagula- 
tion rather than with cicatrization. 
However, the elements involved and 
the nature of the process are entirely 
different. 

A control experiment was carried 
on by submerging and perforating 
the plant in water. No formation 
of a protective layer took place un- 
der these conditions, while the ex- 
posed cells suffered the process of 
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gradual disintegration. Therefore, 
it may be concluded that the 
principal factor in the formation of 
the protective layer is the evapora- 
tion of water through the wound. 


The second part of this work was 
directed to the study of the same 
process in a water plant, Elodea. The 
technique was essentially the same. 
The young leaves of Elodea were 
either cut or prickled and then fixed 
after regular intervals of time. The 
fixative and the stain was the same 
as for Ozalis. The process of the 
wound healing in this case proved to 
be entirely different than the one 
observed in the land plant, taking a 
considerably longer time, and being 
purely biological in nature and jus- 
tifying the term ‘‘cicatrization.’’ 
The cells adjoining the wound and 
exposed to direct contact with water 
did not die in most cases, but re- 
sponded to the water stimulus by 
the thickening of that part of the 


cell wall which is exposed to such 
contact. In some cases, as can be 
seen on the illustrated figures, the 
cell wall became two or even three 
times thicker and also stained much 
more intensely than the ordinary 
cells. In some cases, it was also ob- 
served that the membrane became 
multilayered. This process of thick- 
ening or reinforcement of the mem- 
brane implies the local process of 
secretion, the whole response of the 
plant in this case being of a purely 
biological nature. Nevertheless, it 
must be observed that some cells ap- 
parently are unable to respond 
quickly enough and die away. Then 
the adjoining cells reinforce their 
walls and in this way stop the pro- 
cess of destruction. The nuclei of 
the cells which could not respond 
become more compact and refring- 
ent, later acquiring an irregular out- 
line and finally being destroyed. 
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MEMORIAL 


NEIL EVERETT STEVENS 
1887-1949 





In the death of Neil E. Stevens on 
June 26, 1949, at the age of 62, the 
Illinois State Academy of Science 
lost a supporter and friend whose in- 
terest in our organization was con- 
sistent and helpful during his thir- 
teen years of residence in Illinois. 
Born in Portland, Maine, in 1887, 
he was educated at Bates College 
and at Yale University, which 
awarded him the Ph.D. degree in 
1911. His professional career in- 
cluded one year of teaching at Kan- 
Sas State College, 24 yéars in the 
Bureau of Plant Industry of the 
U.S. Department of Agriculture as 
plant pathologist, and 13 years at 
the University of Illinois as Profes- 
sor of Botany, Head of the Depart- 
ment, and Professor of Plant Pathol- 
ogy in the Department of Horticul- 


ture. During his professional career, 
he was active in a number of scien- 
tifie organizations, including the 
American Association for the Ad- 
vancement of Science, the Botanical 
Society of America, the Mycological 
Society of America, and the Ameri- 
ean Phytopathological Society. He 
was president of the American Phy- 
topathologieal Society in 1934 and 
of the Botanical Society of America 
in 1947, and served for a number of 
years on the council of the A.A.A.S. 

Professor Stevens’ most intensive 
research centered upon diseases of 
corn and cranberries, and his publi- 
cations on these diseases are widely 
recognized and valued for their high 
scientific quality and their precise 
writing. His many-faceted person- 
ality and his extensive interests are 
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reflected in the numerous papers 
which he wrote on topics other than 
his major research interests. His 
friends and students, as well as those 
who never had the privilege of per- 
sunal contact with him, will continue 
to gain mental stimulation and gen- 
tle amusement from his papers on 
the excessive politeness of American 
botanists, brevity at botanical ban- 
quets, scientific fads, bureaucracy as 
a way of life, the re-education of 
educators, and fun in research. His 
scientific interests, although center- 
ing upon plant diseases, were not 
limited to that field, for he published 
several papers on geology, paleo- 
botany, and the history of American 
botanists and their works. His total 
bibliography comprises 176 papers, 
of which five were published in the 
Transactions of the Illinois State 
Academy of Science. 


Those who knew Neil Stevens will 
remember him for his sparkling wit, 
his intense interest in students and 
in problems of teaching, his facile 
pen, his great human sympathies, 
and his abiding interest in science 
at all levels, in the high schools and 
small colleges, as well as in the great 
universities and scientific founda- 
tions. Though his contributions to 
American botany and to scientific 
education in general were extensive 
and fundamental, he was extremely 
modest and self-critical. The key 
to his philosophy of life is found in 
this gentle and moving inscription 
carved at his request upon his grave- 
stone: 

‘To travel hopefully is a better 
thing than to arrive, and the true 
success is to labour.’’—Robert Louis 
Stevenson. 

Harry J. FULLER 
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ACADEMY BUSINESS 


SECRETARY’S REPORT OF THE BUSINESS OF THE 
ILLINOIS STATE ACADEMY OF SCIENCE 
FOR THE YEAR MAY 7, 1949 TO: MAY 6, 1950 


Compiled by LELAND SHANoR, Secretary 





The 48rd annual meeting of the. Illi- 
nois State Academy of Science was held 
at Rock Island on the campus of August- 
ana College May 5 and 6, 1950. Attend- 
ance at this meeting was somewhat over 
500, of whom 319 registered officially, 
and approximately 400 attended the com- 
plimentary Smorgasbord provided by 
Augustana College to replace the usual 
Academy banquet. The sectional pro- 
grams included 105 papers and over 480 
people were in attendance at the sec- 
tional meetings. At the general session 
in the morning, Mrs. Jennie N. Smythe 
delivered an address on “A National 
Policy on Television” which was pre- 
pared for the Academy by her husband, 
Dr. Dallas W. Smythe, Instituté of 
Communications Research, the Univer- 
sity of Illinois, who at the last minute 
was unable to be present. Following 
the traditional Swedish Smorgasbord in 
the evening, the Augustana Choir, under 
the direction of Mr. Henry Veld, pre- 
sented a very excellent program which 
contributed much to the pleasure of all 
attending the meeting. This concert 
was followed by a lecture on “Aboriginal 
Australia,” illustrated with Kodachrome 
movies, by Mr. Frank M. Setzler, Head 
Curator of the Department of Anthro- 
pology, U. S. National Museum. The 
auditorium of the College Chapel was 
completely occupied for the concert and 
the annual lecture, except for a few 
seats in the balcony. 

Those attending the annual meeting 
this year seemed to be in general agree- 
ment that, through the very gracious 
hospitality of Augustana College, the 
Rock Island High School, and the vari- 
ous other organizations in the tri-city 


area which contributed, the 1950 meet- 
ing can be regarded as one of the out- 
standing annual meetings of the 
Academy. 

The past year, in many respects, has 
been a very good one for the Academy. 
Our membership has increased by ap- 
proximately 150 new members. The 
Constitution and By-laws were care- 
fully studied and a revision was passed 
unanimously by the Academy at the 
afternoon business meeting on May 5, 
attended by approximately 125 members. 
The revised Constitution and By-laws 
are attached as a part of the Secretary’s 
report on Business of the Academy. 


COUNCIL MEETINGS 

The Council held four meetings dur- 
ing the past year. Dr. Thorne Deuel, 
newly elected President of the Academy, 
presided at the first meeting which fol- 
lowed the Council Breakfast, Saturday, 
May 7, 1949, in Galesburg. The invita- 
tions extended by Navy Pier and Au- 
gustana College to hold the annual meet- 
ing in May 1950 on their campuses were 
considered. The Council decided to ac- 
cept the invitation of Augustana Col- 
lege and the Rock Island community, 
and Professor F. M. Fryxell, of Augus- 
tana College, was designated Second 
Vice-President of the Academy, to be in 
charge of local arrangements. It was 
suggested that the Academy establish a 
registration fee and provide such things 
as identification badges, etc., for mem- 
bers attending the meeting. The fee was 
left to be considered at a later council 
meeting, but the matter of items, such 
as badges, to be provided at the meeting 
was approved by the Council. The 
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Council passed a motion that the two 
best papers, or abstracts of papers, pre- 
sented at the Collegiate Section, be in- 
cluded in the TRANSACTIONS. The 
general concensus of the Council seemed 
to favor the publication of two papers, 
if such papers were deemed worthy of 
publication when considered by the 
Committee on Publications. 

The second meeting of the Council 
was held in Springfield, on October 22, 
1949, with President Thorne Deuel pre- 
siding. The Council voted that a regis- 
tration fee of 50c be charged those at- 
tending the meeting and that, at the 
time of registration, registrants be given 
copies of the program, information about 
the local community, and other mate- 
rials that might be appropriate for the 
meeting. The Council also voted to 
print the names of sustaining members 
on the program of the annual meeting 
and urged the committee on sustaining 
memberships to endeavor to increase 
sustaining memberships to make addi- 
tional funds available for Junior Acade- 
my activities. The Council considered 
a suggestion that the Constitution and 
By-laws needed revision and a commit- 
tee was appointed to make such a study 
and to report the suggested revisions 
for Council approval at its next meeting 
in time to have a revision ready to sub- 
mit for the action of the membership 
at the annual meeting in May at Augus- 
tana College. Following the report of 
the Chairman of the Conservation Com- 
mittee, the Council approved a motion 
to go on record as favoring conservation 
ot small areas and that the Academy 
might actively participate, as far as it 
could, in such projects. The attention 
of the Council was called to the severity 
of a disease of oaks, known as Wiscon- 
sin Oak Wilt, which is spreading into 
Northern Illinois, and is becoming an 
increasing menace to our native oak 
stands. The Council approved a motion 
that a letter, drawn up by Dr. L. R. 
Tehon and expressing the Council’s 
feeling in the matter, be sent to certain 
government agencies, urging that ad- 
ditional funds be made available for the 
study of the disease and possible meth- 


ods of controlling it. 

President Thorne Deuel presided at 
the third meeting of the Council, held 
in Springfield on January 14, 1950. 
Reports of sectional chairmen on the 
progress being made in arranging the 
program for the annual meeting, a re- 
port by Dr. Fryxell on arrangements 
at Augustana College in Rock Island, 
and reports of chairmen of certain of 
the standing committees were presented. 
A preliminary report of the actions of 
the committee on the revision of the 
Constitution and By-Laws was given 
and several suggestions by members of 
the Council were incorporated in the 
draft which had been prepared. With 
these suggestions incorporated, the com- 
mittee was directed to prepare copies 
of the revision to send to the member- 
ship, along with the program of the 
annual meeting, so that it could be acted 
upon at Rock Island. Because of the 
continued growth of the Junior Acade- 
my, certain problems have developed. 
Mr. George S. Porter, the General 
Chairman of the Junior Academy, sug- 
gested a plan whereby the State might 


be divided into regions for the purpose * 
of holding regional exhibits prior to the : 


annual meeting. Winners of these re- 
gional fairs then would bring their ex- 
hibits to the annual meeting. The 
General Chairman of the Junior Acade- 
my was authorized by the Council to 
proceed immediately with this plan, 
since similar plans have worked very 
well in other areas, such as music, de- 
bate, and similar activities. 

The fourth meeting of the Council was 
held in Rock Island following the an- 
nual Council Dinner. President Deuel 
presided, and 24 people were present for 
this Council meeting. Sectional chair- 
men presented their final reports and 
the General Chairman of the Junior 
Academy reported on the program of 
that group. He pointed out that the 
proposed regional exhibits could not be 
initiated this year but would be at- 
tempted for 1951. Dr. Fryxell reported 


on local arrangements and called atten- 
tion to certain changes that were neces- 
sary at the last minute. Dr. O. B. Young 
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presented a report to the Council for the 
Committee on the History of the Illi- 
nois State Academy of Science and had, 
for the approval of the Council, a manu- 
script on the early history of the Acade- 
my prepared by the chairman of the 
committee, Mr. W. M. Bailey. He 
asked that it be published in the Trans- 
actions of the Academy, since this early 
history of the Academy is no longer 
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generally available. The Council ap- 
proved the publication of this paper in 
the forthcoming issue of the Transac- 
tions. The Council went over the re- 
vision of the Constitution and By-laws 
as presented to the membership and had 
further changes to suggest before the 
revised copy was to be presented at the 
business meeting on Friday afternoon 
for Academy action. 


REPORT OF THE TREASURER 
For the Year May 1, 1949 to April 30, 1950 


Balance on hand April 30, 1949 


Reid damctedne ae deren meen $ 1,051.53 
Lees Outstanding CROCKS 26. ...2 ccc ccccccecvcccsccs 4.81 
EC EE a vce hv ote Ue a she danhads Cacmeen awa bet ws $ 1,046.72 
RECEIPTS 
Dues: 
ee MN eo ho dias coed cosencbioas $ 1,449.50 
EDIE WEIN eo 6 625. hoa ove a6 Caeds cwank 4.00 
——_- 1,453.50 
mms Ctl: BEGWUP CORE GRORES: oon. cciekbiccicecCecc lances 9.00 
Interest from U. S. Rite ones; Barks Gs ses cae 37.50 
ceed abe oy GC Ri ess nto sb.ne bob he mew hs Oxrmneee 2.00 
an? i eR Sy dg cs ca'e Ge bo bik Sealer bw e6 o'eais Se 14.00 
Oe I a Sa SESS 8 akg bE oaks es baa cakn eee 110.40 
NR BF YS ar er eee 245.00 
Junior Academy—Sustaining memberships................ 270.00 
2,141.40 
OU PE was 28's as 0:0 Shah doen en SOUR bb Oe be Bde uaa $ 3,188.12 
EXPENDITURES 
Council Dinner and Breakfast—Galesburg............... $ 73.19 
in Caw MUMIOMOG ko. soca ek ket ceectbedvee 45.49 
Council Expenses During Year............cc.cceccsccses 77.06 
Ty eee ar 25.50 
re Se ss aaa os ele Sielaidlc's Ge ec ene 23.61 
I I 06 Boog sos a yp obidie a0 cin wis ca e% chien 104.56 
mection Chairmen’s Expenses ...... 0... cc cccccccccccces 8.04 
Science Talent Search Expemses ..................00000- 19.12 
sks ves Sie's shee W eee t sae 3.00 
SE UNED HEOINIENINONOUD 05 6% coo c.c as eects tbnc ce cwesnees 3.00 
SEO NO UNIS oo o's: kare a 0s 00's 4! 6.5 uw clparsceld b ecwlonaca 150.00 
TY MEIN hee ag 5's ola ok k CRA Re RO Ww OR 150.00 
NEI Ss Se og wie sled wide eee aeadee 245.00 
MN a coe a iui L b rg'd Se bo 60a BA hoe Cae Ue 419.71 
Ve rr err Pee ee ee peri cy ee $ 1,347.28 
Balance in Commercial National Bank of Peoria.....................- 1,840.84 
$ 3,188.12 
STATEMENT OF Resources, Aprit 30, 1950 
Balance in Commercial National Bank of Peoria.................+.5: $ 1,840.84 
Certificate of Interest for Meyer Block Leasehold.................. Value Unknown 
United States Savings Bonds, Series G.............cccecceeeccceeess 1,500.00 
ts SIND. Sev cbc icon csup canara: i ebeins i tees ees $ 3,340.84 


(Signed) 


W. W. Grimo, Treasurer 
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REPORT OF THE COMMITTEE 
ON AUDITING 


To The Illinois State Academy 

of Science: 

Your committee on auditing respect- 
fully submits the following report: 

We have examined the records of the 
Treasurer, W. W. Grimm, for the year 
May 1, 1949 to April 30, 1950, and find 
them correct. The present financial 
status of the Academy is as follows: 
Cash on deposit with the Com- 

mercial National Bank of 

POUR Ken Re Sa OSs $ 1,840.84 
Series G, U. S. Savings Bonds, 


Othe LIBS eo ai ee ess 1,500.00 
Meyer Block Leasehold Certi- 

ficate No. 15....... (Value Unknown) 

Ane 665 ss ee $ 3,340.84 


(Signed) F. W. LUTTEY, Chairman 
ALLAN K. SMITH 


L. P. ELLIOTT 


REPORT OF THE COMMITTEE 
ON RESOLUTIONS 
Your Committee on Resolutions wishes 
to submit for your consideration the 
following resolutions: 


I. THe ILLINoIs STATE MUSEUM 


Be it resolved, that the Illinois State 
Academy of Science hereby reaffirms its 
interest in the Illinois State Museum 
and the construction at the earliest pos- 
sible date of a suitable and adequate 
State Museum building. 


4 
Il. Junior ACADEMY 


Whereas—For several years Mr. 
George S. Porter has served as General 
Chairman of the Junior Academy of 
Science, with the full approval and co- 
operation of the J. Sterling Morton High 
School, of Cicero, and has achieved not- 
able results in the stimulation of student 
interest and participation in science; 
therefore, 

Be it resolved, that the Illinois State 
Academy of Science on the occasion of 
its 48rd annual meeting does express to 
Mr. Porter personally and to the J. Ster- 
ling Morton High School its appreciation 


for an outstanding contribution to the 
education of the youth of Illinois. 


III. Rock IsLanp ARSENAL 


Be it resolved, that the Illinois State 
Academy of Science expresses to Col. 
W. W. Warner, commandant of the Rock 
Island Arsenal, and to the Army En- 
gineers its appreciation of the unusual 
opportunity to visit and inspect the Arse- 
nal, during the occasion of the 43rd an- 
nual meeting of the Academy. 


IV. DEERE AND COMPANY 

Be it resolved, that the Illinois State 
Academy of Science expresses to officials 
of Deere and Company its appreciation 
of the unusual opportunity afforded the 
Academy, on the occasion of its 43rd an- 
nual meeting, to visit and inspect the 
Company’s plant at Moline, Illinois. 


V. DAVENPORT MUSEUM 


Be it resolved, that the Illinois State 
Academy of Science expresses its ap- 
preciation to Mr. Fred Hall, Director of 
the Davenport Public Museum, for cour- 
tesies to the Archeological Section, on. 
the occasion of the 43rd annual meet- 
ing of the Academy. 


VI. Mr. Cart GAMBLE 


Be it resolved, that the Illinois State 
Academy of Science extends sincere 
thanks to Mr. Carl Gamble for courte- 
sies rendered the Academy and especi- 
ally for the opportunity to visit his 
astronomical observatory on the occa- 
sion of the 43rd annual meeting of the 
Academy. 


VII. Rock Istanp HicH SCHOOL 


Be it resolved, that the Illinois State 
Academy of Science expresses its ap- 
preciation to the Principal, Mr. Owen B. 
Wright, of the Rock Island High School, 
to Mr. George McMasters, Biology 
Teacher and local chairman for the 
Junior Academy, and to their collabora- 
tors for many labors contributing to the 
success of the Junior Academy exhibits 
and other sessions on the occasion of the 
48rd annual meeting of the [Illinois 
State Academy of Science. 





ss & = 64 ff 


Sc 


wel 
pre 
exc 
pits 


Aca 


stro 
pre 
Swe 





of 
T- 
on 
at- 


ate 
ere 
rte- 
eci- 
his 
"ca 
the 


tate 

ap- 
n B. 
nool, 
ogy 

the 
pora- 
» the 
\ibits 
f the 
jinois 





Academy 


VIII. CHAMBER OF COMMERCE 


Be it resolved, that the Illinois State 
Academy of Science expresses its appre- 
ciation to Mr. W. L. Keepers, Secretary 
of the Rock Island Chamber of Com- 
merce, for many courtesies rendered 
during the 43rd annual meeting of the 
Academy at Augustana College. 


IX. Junror ACADEMY BANQUET 


Be it resolved, that the Illinois State 
Academy of Science expresses its grate- 
ful appreciation to the ladies of St. 
John’s Lutheran Church, who under the 
leadership of Mrs. George Myer provided 
the banquet for the Junior Academy on 
the occasion of the 43rd annual meeting 
of the Academy, at Augustana College. 


X. AUGUSTANA COLLEGE 

Whereas: Augustana College, through 
its Board of Directors, its President, Dr. 
Conrad Bergendoff, Professor F. M. 
Fryxell, Chairman, and the several and 
individual members of the Committee on 
Local Arrangements, has so cordially in- 
vited the Illinois State Academy of 
Science to hold its present and 43rd 
annual meeting on the Augustana Col- 
lege campus during the 75th anniversary 
6t the founding of the College, and 

Whereas: the College, Dr. Fryxell 
and his committee, and many faculty 
members and students have labored dili- 
gently to provide necessary facilities and 
make needed arrangements, and have 
given generously in time and effort to 
bring about an outstandingly successful 
meeting; therefore, 

Be it resolved, that the Illinois State 
Academy expresses its sincere thanks 
for all efforts in its behalf, adds its 
compliments on arrangements especially 
well planned and carried out, and ex- 
presses its deep appreciation of the 
exceptionally cordial and gracious hos- 
Ppitality that has been offered. 


XI. SMoORGASBORD 
Be it resolved, that the Illinois State 
Academy of Science extends hearty and 
appreciative thanks to Mrs. David Beck- 
strom and her assistants for planning 
Preparing, and serving the traditional 
Swedish Smorgasbord, an outstanding 
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and happy feature of the 43rd annual 
meeting of the Academy at Augustana 
College. 
XII. AvuGcustana CHOIR 
Be it resolved, that the Illinois State 
Academy of Science, on the occasion of 
its 43rd annual meeting, expresses its 
grateful appreciation to Mr. Henry 
Veld, conductor, and the Augustana 
Choir for an outstanding musical contri- 
bution to this meeting of the Academy. 
XIII. AveusTaNa CoLLeEcE BAND 
Be it resolved, that the Illinois State 
Academy of Science, on the occasion of 
its 43rd annual meeting, expresses its 
grateful appreciation to Mr. Robert D. 
Gaskill, conductor, and the Augustana 
College Band for an outstanding musical 
contribution to this meeting of the 
Academy. 
XIV. SECRETARY 
Be it further resolved, that the Secre- 
tary is instructed duly to enter the fore- 
going resolutions on the minutes of the 
Academy and to transmit copies of the 
several resolutions to the parties 
concerned. 
(Signed) LEO R. TEHON, Chairman 
HARRY J. FULLER 
CLARENCE R. SMITH 


REPORT OF THE 
NECROLOGY COMMITTEE 
Whereas: During the past year the 
Illinois State Academy of Science lost, 
by death, the members listed below: 

A. J. Demster 

R. E. Harris 

C. R. Moulton 

Clarence O. Sappington 
Emil A. Siebel 

A. M. Simpson 

Neil E. Stevens 

L. O. Trigg 


Be it resolved: (1) That the Academy 
expresses its grief over their passing, 
and (2) That it extends its sincere sym- 
pathy to their families, to whom the 
Secretary is directed to write letters 
indicating our sense of loss while we ex- 
tend our sincere sympathy. 

(Signed) A. GILBERT WRIGHT 
GEORGE D. FULLER 
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CONSTITUTION AND BY-LAWS 
ILLINOIS STATE ACADEMY OF SCIENCE 


(Revised through May 5, 1950) 


CONSTITUTION 


ARTICLE I. NAME 


This Society shall be known as The 
Illinois State Academy of Science. 


ARTICLE II. OBJEcTS 


1. The objects of the Academy shall 
be the promotion of scientific research, 
the diffusion of scientific knowledge and 
scientific spirit, and the unification of 
the science interests of the state. 


ArtIcLe III. MEMBERS 


1. Active members have the privilege 
of: Attending meetings, voting, holding 
office, presenting papers at meetings of 
the Academy, having such published if 
they are accepted by the Committee on 
Publication, and receiving copies of all 
publications of the Academy. Active 
members of the Academy shall be as 
follows: 

a. Life members shall be those who 
have paid fifty dollars to the Academy 
as life membership dues, or have com- 
pleted the payment of the stipulated 
requirement for life membership be- 
fore May 6, 1950. Life membership 
dues shall be placed as a permanent 
fund and only the income is to be used. 

b. Annual members shall be those 
who pay the annual membership 
dues. 

2. Student members shall be those 
undergraduate college students who are 
elected to membership on recommenda- 
tion of a college faculty sponsor who is 
a member of the Academy. Student 
members shall have the privileges of 
active members except they may not 
hold elected office in the Academy. 

3. For election to active or student 
membership, the candidate’s name must 
be proposed by two members, be approv- 
ed by a majority of the Committee on 


Membership, and be acted upon favor- 
ably by a majority vote of the Council. 

4. The dues for annual membership 
in the Academy shall be two dollars per 
year. Annual dues for student members 
shall be one dollar. 

5. Sustaining members shall be those 
individuals or affiliated societies or other 
organizations who pay an annual dues 
of ten dollars or more. Funds derived 
from sustaining memberships are to be 
used by the Academy to help further the 
program of the Junior Academy in such 
manner as the Council of the Academy 
shall determine by majority vote. 

6. Charter members are those who 
attended the organization meeting in 
1908, signed the Constitution, and paid 
dues for that year. 


ARTICLE IV. OFFICERS 


1. The elected officers of the Acade, 
my shall be a President, a First Vice- 
President, a Secretary, and a Treasurer. 
These officers shall be chosen by ballot 
at the time of the annual meeting and 
shall hold office for one year, or until 
their successors qualify. 

2. The above officers shall perform 
the duties usually pertaining to their 
respective offices. 

3. Ex-officio and appointive officers 
shall be a Second Vice-President, a Li 
brarian, and Delegates to the A.A.AS. 
and to the Conservation Council. 

4. The Second Vice-President, who 
may be a resident of the community in 
which the next annual meeting is to be 
held, shall be appointed by the Coun- 
cil each year when the place of the next 
meeting has been decided upon, in order 
that he may serve as the ex-officio 
chairman of the Committee on Local 
Arrangements. 

5. The Chief of the State Museum Di- 
vision of the Department of Registration 
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and Education of the State of Illinois 
shall be the Librarian of the Academy. 


6. The Librarian shall have charge 
of all the books, collections, and mate- 
rial property of the Academy, and shall 
serve as archivist of all official records 
and documents of the Academy. The 
Librarian shall have charge of the dis- 
tribution, sale, and exchange of the 
published Transactions of the Academy 
under such restrictions as may be im- 
posed by the Council. 


7. Auditing Committee. The presid- 
ing officer shall, prior to each annual 
meeting, appoint a committee of three 
who shall examine and report in writ- 
ing upon the accounts of the Treasurer. 

8. Three recent past officers of the 
Academy shall be elected to serve as 
active members of the Council of the 
Academy. 


ARTICLE V. COUNCIL 


1. The Council shall consist of the 
elected officers of the Academy, the Sec- 
ond Vice-President, the Librarian, three 
recent past officers of the Academy, the 
General Chairman of the Junior Acad- 
my, and the Coordinator of the Collegi- 
ate Section. It shall be the duty of the 
Council to plan the annual meetings. To 
the Council shall be entrusted the man- 
agement of the affairs of the Academy 
during the intervals between regular 
meetings. 


2. The Council shall meet on call by 
the President of the Academy. 

3. The Council shall ordinarily hold 
four meetings during the year, one just 
prior to the annual meeting of the 
Academy, one as shortly after the an- 
Dual meeting as is convenient, and two 


Others, normally in November and 
January. 
Articte VI. MEETINGS OF THE ACADEMY 


1. The regular meetings of the Acad- 
emy shall be held at such time and place 
as the Council may designate. Special 
Meetings shall be called by the President 


upon written request of twenty mem- 
bers, 


ARTICLE VII. PUBLICATIONS 


1. The regular publication of the 
Academy shall be the Transactions of 
the Academy. 

2. The payment of dues entitles all 
members, except in the case of emer- 
gency, to receive the currently published 
Transactions of the Academy, but no 
member in arrears shall receive the 
published Transactions of any year for 
which he is or remains in arrears. 


ArTICLE VIII. FounpatTion Funp 

The Treasurer shall maintain a per- 
manent fund for the Academy, only 
the interest on which may be used. 
This permanent fund shall consist of 
(1) life membership dues, (2) dona- 
tions, and (3) funds as the Council may 
see fit from time to time to add from 
accumulations in the treasury. 


ARTICLE IX. AFFILIATION 

The Academy may enter into such 
relations of affiliation with other organi- 
zations of appropriate character as may 
be recommended by the Council, and 
may be ordered by a three-fourths vote 
of the members present at any regular 
meeting. 


ARTICLE X. AMENDMENTS 

This constitution may be amended by 
a three-fourths vote of the membership 
present and voting at an annual busi- 
ness meeting, provided that notice of the 
proposed change has been sent by the 
Secretary to all members at least twenty 
days before such meeting. 


BY-LAWS 


I. Orper or BUSINESS 

The regular order of business shall 
include the following: 
Call to order 
. Reports of officers 
Reports of standing committees 
Election of members 
Reports of special committees 


Appointment of special commit- 
tees 


Unfinished business 
8. New business 
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9. Election of officers 
10. Program 
11. Adjournment 


II. Notice oF MEETINGS 
No meeting of the Academy shall be 
held without thirty days previous notice 
by the Secretary to all members. 


III. Quorum 


Fifteen members shall constitute a 
quorum of the Academy. Six members 
of the Council shall constitute a quorum 
of the Council. 


IV. INCURRENCE OF BILLS 


No bill may be incurred against the 
Academy by officers or committees in 
excess of twenty-five dollars, except as 
provided for in By-law X, unless ap- 
proved by the President and the Secre- 
tary. 


V. DvEs 


1. Dues are payable on or before the 
date of the annual meeting. 

2. Members who, after having been 
duly notified by the Treasurer, shall fail 
to pay their dues on or before the date 
of the annual meeting of any year shall 
be considered in arrears and if they re- 
main so shall have their names stricken 
from the membership roll on December 
31st of that year. 


VI. STANDING COMMITTEES 


1. The standing committees of the 
Academy shall be a Committee on Budg- 
et, a Committee on Affiliations, a Com- 
mittee on Conservation, a Committee 
on Membership, a Committee on Publi- 
cations, a Committee on the Junior 
Academy, and such others as the Acad- 
emy shall from time to time deem de- 
sirable. 

2. These standing committees shall 
consist of members chosen annually by 
the Academy, except for the Committee 
on Publications. 

3. The Committee on Publications 
shall be appointed by the Council of the 
Academy and shall consist of six mem- 
bers representing several Sections of 
the Academy. Two members of this 
committee shall be appointed for terms 


of three years, two members for terms 
of two years, and two for a term of one 
year. As terms of these members expire, 
the Council at its meeting just prior to 
the annual meeting of the Academy, 
shall make appointments for three year 
terms. In case of a vacancy the Council 
shall appoint someone to fill the unex- 
pired term. 

4. The Committee on the Junior 
Academy shall manage the affairs of the 
Junior Academy with the advice and 
approval of the Council of the Academy. 

5. The Coordinator of the Collegiate 
Section, who is elected by the Acad- 
emy, with the assistance of a committee 
if it seems desirable, shall cooperate 
with the officers elected by the Colleg- 
iate Section in conducting the affairs 
of that body, subject to the advice and 
approval of the Council. 


VII. SEcTIONS OF THE ACADEMY 

1. For the annual meeting of the 
Academy, there may be Sections for the 
presentation of programs as follows: 
Anthropology, Botany, Chemistry, Geog- 


raphy, Geology, Physics, Psychology 
and Education, Social Sciences, Zoology, 


Collegiate. 


2. Other sections may be added on 


request by ten active members of the 
Academy and with the approval of the 
Council. 

3. Members of the Academy shall 
indicate in which section or sections 
they are particularly interested. 

4. Those members present at any 
section meeting during the annual meet- 
ing of the Academy shall constitute a 
quorum of the section. 

5. They shall elect a chairman for 
the ensuing year. 


VIII. Epirine oF PUBLICATIONS 


1. The editing of the Transactions 
and of any other publications which the 
Academy may authorize shall be a re- 
sponsibility of the Committee on Publi- 
cations. It shall be the duty of this 
committee to pass on the merit of papers 
submitted for publication, select a tech- 
nical editor, and establish, with the ap- 
proval of the Council, editorial policy. 
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2. A Technical Editor of the Trans- 
actions shall be appointed by the Coun- 
cil upon recommendation of the Commit- 
tee on Publications. The Technical Edi- 
tor shall receive a small honorarium, 
the amount to be determined by the 
Council and approved by the Academy. 
The Technical Editor shall carry out 
policy determined by the Committee on 
Publications. 


IX. ReE@vuLaATIONS REGARDING PAPERS 


No paper shall be entitled to a place 
on the program unless the manuscript 
or an abstract of the same shall have 
been previously delivered to the Secre- 
tary. No paper shall be presented at any 
meeting by any person other than the 
author, except on vote of the members 
present at such meeting. Manuscripts 
of papers intended for publication must 
be handed to the Secretary at the time 
of the annual meeting. Except by in- 
vitation of the Council, no paper can be 
accepted for publication unless the au- 
thor is a member of the Academy or an 


applicant for membership. No paper 
shall be accepted for publication which 
has already been published elsewhere. 


X. OrFrricers’ EXPENSES 

The Secretary and the Treasurer shall 
have their expenses paid from the treas- 
ury of the Academy while attending 
Council meetings and annual meetings. 
Other members of the Council may have 
their expenses paid while attending 
meetings of the Council, other than those 
in connection with annual meetings. 


XI. Ropert’s RULES OF ORDER 
Robert’s Rules of Order shall cover all 
situations not specifically provided for 
in the Constitution or By-laws of the 
Academy. 


XII. SUSPENSION oR AMENDMENT 
OF BY-LAWS 
These by-laws may be amended or 
suspended by a majority vote of the 
members present and voting at any 
business meeting. 





